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PREFACE TO THE ELEVENTH 
GERMAN EDITION 


The second volume of the present work was published in its last 
edition in 1905 by me in collaboration with Professor Georg Schroeter. 
Dr Schroeter, who had also rendered extremely able assistance in the 
production of the seventh and succeeding editions, was appointed a 
year ago to the distinguished position of Professor of Chemistry at the 
Veterinary College in Berlin. Collaboration in the preparation of the 
present second volume of the treatise was then undertaken by his 
successor at the Chemical Institute, Dr Hans Meerwein, Assistant 
Instructor in Organic Chemistry. 

RICHARD ANSCHUTZ. 


Since the publication of the second volume seven years have 
elapsed, during the last few of which the book was out of print. In 
the course of these latter years the amount of new subject-matter has 
undergone a remarkable increase. Consequently, the present volume, 
in comparison with the last edition, has had to be enlarged by more 
than nine sheets, in spite of the adoption of a larger size of page, as 
otherwise the whole character of the edition would have been altered. 

As in previous editions, a list of the most important interpolations 
and additions is given below. 

Tri-, ietra-, penia-, hepta-, octo-, and nonocyclic compounds, — Special 
attention is called to the ring expansion by the action of nitric acid 
on cyclo-alkyl methylamine as a new general reaction. The tetra- 
methylene group has been supplemented principally by the inclusion 
of the simplest examples : cyclobutane, cyclobutene, and cyclo- 
butanone. The simplest saturated, and unsaturated, carbohydrates, 
with eight-membered carbon rings, are obtained by the transformation 
of pseudo-pelletierin, and have been very closely examined. By the 
recognition of the constitution of india-rubber as a polymeric dimethyl, 
cyclo-octadiene, the group of octocarbocyclic compounds has gained 
considerably in interest. 

The class of nonocarbocyclic compounds has had to be added. 

Single-nucleus aromatic substances, — The historical account of the 
theory of the aromatic compounds has been supplemented at essential 
points (p. 28). 

Special attention is directed to the extremely consistent splitting 
up of benzene and its homologues by the oxidising action of ozone. 

Halogen derivatives of benzene carbohydrates, — Recognition of the 
fact that the capacity for reaction of aromatically combined halogens 
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can be very considerably increased by the addition of finely divided 
copper or copper salts, has proved of great practical importance. 

Nitrogenous derivatives of benzene carbohydrates. — The preparation 
of opticedly active dialkyl anilin oxides is worthy of attention. 

The behaviour of nitro-diphenylamines in the formation of salts has 
been more closely examined, and more satisfactory reasons have been 
given for regarding them as pseudo-acids. As regards new investiga- 
tions on the diazo-amido-compounds, the preparation of diazo-benzene 
amide is particularly important. New methods of obtaining diazo- 
amido-compounds have been discovered. The discovery of two 
isomeric, differently coloured, series of salts is important, as regards 
the constitution of amido-azo-compounds, and their salts. Attention 
is directed to the production of tetraphenyl-hydrazin and its interesting 
resolving reactions ; see also diphenyl-dihydro-phenazin. The process 
of reaction in the formation of phenyl-hydrazones, by the action of 
diazo-benzene salts on aliphatic compounds with easily replaceable 
hydrogen atoms, has been experimentally elucidated in its individual 
phases. 

The group of aromatic compounds of arsenic has attained greater 
importance, through the discovery of pharmaceutically viuable 
substances, such as salvarsan. 

Phenols. — The consideration of the nitro-phenols as pseudo-acids 
has gained in interest by the discovery of a red ester of picric acid. 
The question of the constitution of the oxy-azo-benzenes has been 
finally decided in favour of the azo-formula. Reference may also be 
made to the discovery of cyclic double esters of the phenol-sulpho- 
acids : sulphonylides. 

Quinones. — The discovery of the long-sought o-benzo-quinone 
should be mentioned in the first place. The nitrogenous derivatives 
of the quinones have been thoroughly discussed. The investigation 
of the reactions and constitution of anilin-black by the oxidation of 
anilin is of the highest importance. Attention may also be called to 
the remarkable researches regarding the so-called two-nucleus quinones 
of the diphenyl, naphthalin, and anthracene series. 

The nitrogenous derivatives of the oxy-phenyUparaffin alcohols have 
been thoroughly discussed, owing to their marked physiological action. 
Special attention is directed to the analysis and synthesis of adrenalin 
(P- 370). 

Aromatic aldehydes and ketones. — In this group a series of new 
and, in some cases, easily effected syntheses should be noted. Special 
attention should be given to the atom displacements in the trans- 
formation of the aromatic ethylene glycols, the halogen hydrines, and 
the ethylene oxides. 

Aromatic carbo-acids. — Benzoyl nitrate, benzo-nitrosol acid, benzo- 
nitrol acid, and benzo-nitrile oxide figure as new carboxyl derivatives 
of benzoic acid. With reference to the constitution of anthranile, the 
so-called dianthranilides must be mentioned, as the true bimolecular 
anhydrides of the anthranile acids. Thiosalicylic acid and its progeny 
have been much used as the basic products for preparing thio- 
indigo red. 

The discovery of di-iodo-t5n:osin in certain species of coral is of 
physiological importance. 
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Sin^le-nucleus aromatic substances with unsaturated side chains , — 
The discovery of the tri-morphism of allo-cinnamic acid, wjiereby the 
previously vague isometry ojf the cinnamic acids may be regarded as 
explained, is of principal interest in this field. 

Hydro-aromatic substances, — Inasmuch as by the smooth method 
of reduction of aromatic compounds, by means of hydrogen and finely 
divided nickel, the hydro-aromatic substances have become an easily 
accessible primary material, this field of research has made remarkable 
progress, mainly by the use of Grignard*s reaction. For determina- 
tions of constitution, especially as regards terpenes, the elegant method 
of oxidation by means of ozone has proved of great service. For 
terpene chemistry the synthesis of unsaturated hydrocarbons, with 
semi-cyclic double linking, is of importance. The tetra- and dihydro- 
benzenes were subjected to a fresh critical study. Extended synthetic 
investigations with regard to the cyclo- citrals have finally led to a 
synthesis of irone, which, however, is not technically valuable. A 
curious method for the synthesis of different hydro-ai omatic substances 
was discovered in the action of chloroform and alkali on o- and 
p-alkaline phenols. The production of the optically active forms of 
4-methyl-cyclo-hexilidene-acetic acid, in which the asymmetry of the 
molecule is not caused by the presence of an asymmetric carbon atom, 
is of technical interest. 

Attention might also be directed to the splitting of cyclic ketones 
by means of sunlight. 

T erpenes, — The exceedingly numerous researches made in the entire 
field of terpene chemistry have necessitated an almost complete re- 
working, and a partial re-division, in particular of the di-cyclic terpenes. 
The olefinic terpene group has been enriched by the discovery of 
ocimene and nerol. The constitutional determinations of the mono- 
cyclic terpenes, which may now be regarded as concluded, have been 
confirmed by numerous syntheses. Thus, dipentene, terpinene, 
a-phellandrene, sylvestrene, and carvestrene have been obtained in a 
synthetic mariner. A number of analogously composed combinations 
derived from the terpenes, such as terpinene, terpene, terpinene-cineol, 
and terpinenol, have ranged themselves alongside of terpin, cineol, and 
the terpineols. Sabinene and thujene were associated, by numerous 
transformations, with terpinene and the terpinenoles. Eucarvone has 
been examined again, and has been recognised as a heptacarbocyclic 
combination. The pinene separated from the turpentine oils, has been 
recognised as a mixture of two linkage-isomeric terpenes, and from these 
a number of new derived and transformation products are obtained. 
The transformation of pinene into borneol and isoborneol, or their 
esters, has been converted into a technically realisable method for the 
artificial production of camphor from turpentine oil. A fresh and very 
thorough treatment of camphene has confirmed the Wagner camphene 
formula ; nevertheless, this has raised doubts as to the unity of this 
terpene. Bornylene, camphane, isocamphane, and santene were the 
subjects of new and fruitful researches. A series of articles on the 
behaviour of borneol and isoborneol towards each other, and towards 
pinene or camphene - chlorohydrate, appear to prove the stereo- 
isomerism of these combinations. The constitution of fenchone could 
be accurately ascertained by a series of splitting reactions. 



viii PREFACE 

PhenyUhmzenes and phenyl fat carbohydrates. — series of naturally 
occurring substances have been recognised as oxybenzo-phenones, and 
oxybenzylidene-acetophenones, which have hitherto been regarded as 
phenol esters of protocatechu acid and oxy-cinnamic acid. 

Important new observations have been made in favour of regarding 
the coloured salts of triphenyl-carbinole as quinoid combinations ; 
see also dibenzylidene-acetone. 

The benzein, rosamin, and phthalein classes have been increased 
by further research. 

Prominence should be given to diphenylketene, the most easily 
accessible, and consequently the most thoroughly examined, substance 
in this class, rich in reactions. 

Amongst the most theoretically important researches which have 
been made in various directions with excellent results, we may mention 
those relating to hexaphenyl-ethane, and similar combinations, and 
their dissociation into the corresponding triaryl-methyls. 

The diphenyl-butane group has been enriched by notable papers 
relating to diphenyl-butadiene and diphenyl-butenin. 

Co^idensed nuclei. — Notice should be taken of the virtual tautomery 
of anthranol and anthrones, as well as of anthra-hydrokinone and 
oxanthrone. The amido-anthrakinones have repeatedly shown them- 
selves to be excellent intermediaries for the production of new vat dyes, 
and so have the dianthrakinonyls and the benzo-an thrones. 

Glucosides. — There have been new investigations on certain gluco- 
sides related to amygdalin (p. 719). 

Natural dye-stuffs. — Much light has been thrown on the complex 
constitution of cochineal dye. 

The above brief review, in the course of which we have only been 
able to refer to some of the most important recent developments, shows 
that, in the time which has elapsed, notable progress has been made in 
nearly all classes of carbocyclic compounds. 

RICHARD ANSCHUTZ, 
HANS MEERWEIN. 


Bonn, October 1912. 
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II. CARBOCYCLIC COMPOUNDS 


The methane derivatives, or acyclic carbon compounds, with open 
carbon chains, dealt with in the first volume of this work, are here 
followed by organic compounds with closed carbon chains, or carbon 
rings, and these compounds I call by the name of Carbocyclic Com- 
pounds. In contrast with these we have, e.g., the azocyclic compounds 
with a ring consisting only of nitrogen atoms, such as nitrogen hydride, 
and its derivatives. The carbocyclic compounds are also called isocyclic 
compounds, but the latter expression is too comprehensive, since it 
denotes compounds containing a ring consisting of a number of atoms, 
of any element. In contradistinction to isocyclic compounds we have 
the heterocyclic compounds, in which the atoms of several different 
elements take part in the formation of the ring. 

The fundamental carbocyclic hydrocarbons are those with a carbon 
ring consisting of from three to nine methylene groups. They are 
isomeric with the olefins, with an equal number of carbon atoms. 
They are designated either as polymethylenes, in accordance with the 
number of methylene groups which they contain ; or by prefixing an 
R " or " R-"' to the names of the normal olefins with which they 
are isomeric (“ ring olefins *') ; or, according to the Geneva resolu- 
tions, by the names of the normal paraffins containing an equal number 
of carbon atoms with the word “ cyclo- ' prefixed (cyclo-paraf&ns). 
The first and third of these designations are to be preferred. 


Trimethylene [Cyclopropane] 
Tctramethylene [Cyclobutane] 
Pentamethylene [Cyclopentane] 
Hexamethylene [Cyclohexane] 
Heptamethylene [Cycloheptane] 
Octomethylene [Cyclooctane] 
Nononoiethylene [Cyclononane] 


CH, * 

CH,— CH, 

CH,— CH, 

CH,~CH, 

CH,-^CH, / • 

CH,— CH,— CH, 

CH,— CH,— CH, 
CH,-CH,-CH,\ 

CH,— CH,~CH, / • 

CH,— CH,-~CH,— CH, 

CHa— CH,— CH,~-CH, 

CHa-~CH,— CH,--CH,\ 

CHj-CHy/ *' 
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HexamethyJene is also called hexahydrobenzol, and beptamethylene, 
suberane. For the nomenclature of ring substances see also B. 29, 587. 

As the paraffins are followed by olefins and diolefins, so the cyclo- 
paraffins are followed by cyclo-olefin, cydo-diolefin, and cyclo- 
triolefin. 

Among the carbocyclic structures a special significance attaches to 
benzol (benzene), the fundamental hydrocarbon of the so-called 
aromatic substances or benzol derivatives, the most numerous class 
of organic compounds. If, in accordance with A. Kekul^, we assume 
in benzol a ring of six carbon atoms linked together in alternate single 
and double linking — an assumption which the author prefers — ^benzol 
is a cyclo-triolefin : 

Benzol fCyclohexatrien] 

nCH =Cri 

By the addition of hydrogen it is possible to convert benzol into 
hexahydrobenzol (hexametliylene, or cyclo-hexane). A constantly 
increasing number of transformation products of aromatic compounds 
are becoming known, which can be referred to dihydro- or tetrahydro- 
benzol (cyclo-hexadiene and cyclo-hexene), and which, together with 
the hexamethylene or hexahydrobenzol derivatives, are termed hydro- 
aromatic compounds.'* To these belong many natural products, 
especially those of the terpene and camphor series. If this 
system were rigidly followed, every cyclo-paraffin system would be 
associated with the corresponding cyclo-olefin system having the same 
number of carbon atoms. But the treatment of the hydro-aromatic 
substances presupposes a knowledge of the aromatic substances, to 
such an extent that it is better to deal first with the latter. We there- 
fore treat first of the tri-, tetra-, penta-, hepta-, octo-, and nono- 
carbocyclic compounds, and afterwards of the hexacarbocyclic 
compounds. 

In many ways the aromatic substances show a peculiar behaviour, 
different from that of the aliphatic compounds. But the hydro- 
aromatic compounds, as well as the other known polycarbocyclic 
compounds, approach in their chemicsd properties the saturated 
aliphatic substances, or the unsaturated ones, if there are any double- 
linked pairs of carbon atoms in the ring. These compounds are there- 
fore csdled aliphatic cyclic, or alicycUc saturated, and unsaturated, 
compounds, to distinguish them from the aromatic compounds 

(B. 22, 769). 

The study of the carbocyclic compounds has shown that the tri- 
and tetramethylene ring is more easily split than the more stable 
pentamethylene or hexamethylene ring, while hepta- and octomethy- 
lene rings are formed with greater difficulty, and can usually be easily 
transformed into rings of a smaller number of carbon atoms. 

We have met siimlar phenomena in the formation of some hetero- 
cyclic derivatives of aliphatic substances, e,g. the lactones, lactames, 
and dicarboxylic anhydrides (Vol. I.). In the case of the oxy-acids we 
indicated a scheme of the space-configuration of carbon chains, 
designed to explain the rare formation of a- and jS-lactones, in com- 
parison with the ease with which y- and 8-lactones are produced. An 
attempt at explaining the different stabilities of the tri-, tetra-, penta-, 



METHODS OF RING FORMATION 


3 


and hexamethylene rings is made in the tension theory of A. v. 
Baeyer (B. 18 , 2278; 28 , 1275). This theory proceeds from the 
following assumption : — The four valencies of the carbon atom act 
in directions joining the centre of a sphere with the corners of an 
inscribed regular tetrahedron, and therefore form angles of 109® 28' 
with each other.'* These four lines are called axes. 

The direction of attraction can undergo a deflection, but this is 
accompanied by a tension, increasing with the amount of the latter." 
The assumption of valency forces acting at an angle is excluded, the 
amount of deflection being proportional to the tension. " In ethylene 
the direction of attraction is equally deflected, for both valencies of 
each carbon atom, until the directions have become parallel. In 
ethylene the angle of deflection is ^(109° 28') =54® 44'. In trimethy- 
lene, which may be figured as an equilateral triangle, the angle between 
the axes must be 60°, and the deflection of each must be ^(109® 28' —60®) 
= 24® 44'." 

In the same way we obtain the following deflections : 

Tetramethylene ^(^^9® 28'— 90®) = 9° 44' 

Pentamethylene i(i09° 28'— 108°) = u® 44' 

Hexamethylene |(i09° 28'“i20°) =~ 5° 16' 

Heptamethylene |(io9® 28'— 128® 34')= — 9® 33' 
Octomethylene |(io9° 28'— 135®) = —12° 51' 
Nonomethylene |(i09® 28'— 140®) =--15® 16' 

This supposes, of course, that the carbon atoms all lie in the same 
plane, viz. the plane of the ring. 

In dimethylene or ethylene the greatest deflection of the direction 
of action of both valencies has taken place. It has the greatest tension 
and is the loosest ring, which is easily split up by chlorine, bromine, 
hydrobromic acid, and iodine. Trimethylene reacts with much greater 
difficulty. Tetra-, penta-, and hexamethylene rings no longer behave 
like unsaturated compounds, and are very stable in the presence of 
halogens, hydrohalogen acids, and potassium permanganate. In 
harmony with these views, the determination of the heats of combustion 
of the simplest cyclo-paraffins showed a considerable decrease from 
tri- to hexamethylene (B. 25 , 496). According to Baeyer 's tension 
theory, the pentamethylene ring should form even more easily than the 
hexamethylene ring — a conclusion which led to successful attempts to 
prepare pentamethylene derivatives (B. 28 , 655). 

Methods of Ring Formation in Cyclo-paraffin Bodies. 

Special importance is attached to the methods by which open 
carbon chains are converted into closed carbon chains. In accordance 
with the definition of nuclear syntheses as reactions in which previously 
unlinked carbon atoms are linked together (Vol. I.), every transforma- 
tion of an open carbon chain into a closed one must be regarded as a 
nuclear synthesis. And indeed it is by well-known nuclear synthesis 
methods applied to suitable aliphatic substances that the closing of 
rings with formation of cyclo-paraffin bodies has been carried out. The 
facts in question, already mentioned in divers places in Vol. I., con- 
stitute the transition reactions joining the class of paraffins with that 
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of cyclo-paraffins. The most important items may be briefly 
enumerated. 

1. Cyclo-parafDns themselves are produced by the action of sodium 
or zinc upon dibromo-substituted paraffins, the hydrobromic acid 
esters of the glycols ; 

/CH,Br CHj^HBr.CHg ™ /CH,— CHBrCHg CH,— CH|— CH^Br 
•\CH,Br I CH,— CH.Br *\CH,~CH,Br | CH,— CH,— CH.Br 

▼ CH| — CHCH3 — CHCH3 4 ^ CHj — CH|— -*CH2 

•\CH, CH,— CH, ‘XCH.—CH, 

a-Monobromine derivatives of the glutaric acid series yield tri- 
methylene-carboxylic acids even when treated with alcoholic potash. 

2. Intramolecular plnacone formation,— Besides secondary alcohols, 
the reduction of the ketones yields ditertiary glycols, the pinacones. 
On reducing diacetyl-pcntane wc obtain besides an aliphatic disecondary 
glycol a ditertiary gljxol, a cyclic pinacone : 

/CHj— CHjf-CH(OH)CH3 
^\CH,— CH,— CH{0H)CH3 
CH /CH,— CH2— C(0H)CH3 
*\CH,— CH,~C(0H)CH3 

3. Cyclic syntheses with the aid of metallorganic compounds.— By 

treating the di-magnesium compound of the i, 5-dibromo-pentane with 
acetic ester we obtain methyl-cyclo-hexanol. Carbonic acid reacts 
with the formation of cyclo-hexanone : 

\CH,-CH,/ -\CH 3 ,CH, MgBr ' XCHj 

The synthesis of a tertiary alcohol from a magnesium alkyl iodide 
and a ketone proceeds intramolecularly in the action of magnesium 
upon 8-aceto-butyl iodide : 

CHj.CH J ^ CHjj CH, V ^ /OMgl 

CH,.CH, ( OCH 3 ClI, CH, CH 3 

4/1. Intramolecular aceto-acetic ester condensation.— When sodium 
acts upon adipinic acid ester there is intramolecular condensation cor- 
responding to the formation of acetic ester, and a cyclic jS-ketone- 
carboxylic ester is formed ; 

CH,— CH,— COOejIg CH,— CH COOC,H, 

CH,— CH,— COOCjH, .h.oh ^ CH,— CH, / 

The same behaviour is shown by the esters of the pimelinic acids, 
which yield j 3 -ketone acid esters with six-membered ring chains. 

46. Oxalo-acetic ester condensation.— The action of oxalic ester 
and glutaric acid ester upon sodium ethylate produces diketo-penta- 
methylene-carboxylic ester : 

CH /CH,C0,C,H. COOC,H, ^ /CH{C0,C,H5)— CO 

* \CH,CO,C,H, COOC,H, * \CH(CO,C,H,)— Co 

Similar reactions are shown by j8-substituted glutaric acid ester, 
acetone-dicarboxylic acid ester, methyl-ethyl-ketone, dibenzyl-ketone, 
etc., with oxalic ester and sodium ethylate. 


™ /CH,— CH,— CO CH3 - 

* \CH,— CH,— CO.CHo 
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4c. Intramolecular formation of ^-diketones.— y-acetyl-but5rric 
acid ester is condensed by sodium ethylate to diketo-hexamethylene : 

CH,— CO— CH 3 CH,— CO— CH, 

CH,— CH,— COOCjHs CH,— CH,-CO 

With the same treatment the e- and ^-ketonic acid esters yield extra- 
cyclic ^-diketones of the pentamethylene and hexamethylene series. 

5. Cyclic syntheses with malonic acid esters, acetic acid esters, etc. 
— Through the action of alkylene bromides upon sodium malonic acid 
esters we obtain cyclo-paraffin acid esters (W. H. Perkin, jun.). 

The reaction takes place in three pliases : 


CH,Br ^ j = CH,CH(CO,C,H,),+NaBr 

CH,Br ^ 12 5/2 CH,Br 

CH, CH(CO,C,HJ,+NaHC(CO,C,H,), = CH, CNa(CO,C,H,), 
CH,Br — NaBr -i-CH,(CO,C,Hj), 

’‘'^JJ‘)>C(CO,C,H.), 


CHj 5 

CHa—CHsBr 
CHa— CH^Br 


yCHaBr 

\CH3r 


2NaHC(CO,C,H,), 


2NaHC(CCV 


CH,<(“»>C(CO,C.H,), 


By introducing the bromination products of olefin-mono- and olefin- 
dicarboxylic acid esters in tlie place of alkylene bromides, this reaction 
has been used for preparing numerous trimethylene derivatives. 
Cyano-acetic ester behaves like malonic ester (C. 1899, II. 36, 824). 

If sodium aceto-acctic ester acts upon i, 4-chbromo-n-pentane, 
I, 2-methyl-acetyl-pentametliylene-carboxylic acid ester is produced: 


CHj.CHBrCHg CHNa,CO,C*H, 


/CHg 

CHj.CH \ . COgCaH^ CHgCO^C^Hs 

""CHa.CHg/^XCOCHg '^COCHg +2NaBr 


From I, 5-dibromo-pcntane we correspondingly obtain a-acetyl-hexa- 
methylene-carboxylic ester (B. 21 , 742 ; 40 , 3943). 

6. From the di-sodium compounds of alkylene-dimalonic esters 
iodine or bromine extracts the sodium with the formation of a ring, 
just as iodine converts the sodium aceto-acetic ester into diaceto- 
succinic ester, and mono-sodium malonic ester into dimalonic ester. 
From the cyclo-paraffin-tetracarboxylic acids thus produced we may 
obtain cyclo-paraffin- dicarboxy lie acids by splitting off 2CO2 (W. H. 
Perkin, jun.). 

Tri, tetra-, penta-, hepta-, octo-, and nonocarbocyclic compounds : 


yCNa(CO,C,H.) . ^ 
•\CNa(C02Cj,H6), 

CH,— CNa(COgCjHB), ^ 

CH,— CNa(CO,C,H,), 

/CH,.CNa(CO,C,H,), ^ 

*\CH,.CNa(CO,C,H 5 ), 


/C(CO,C,H,),^ 
•\C(CO,C,H,), 
CH,— C(CO,C,H,), 
CH,--C(C0,C,H5), 
rjj /CHi — ^^(C0,C,H5), 
•\CH,— C(CO,C,H,), 


/CHCO,H 
•\CHCO,H 
® CH,— CHCO,H 
CH,— CHC0,H 
ru /CH,— CHCO,H 
•\CH,— CHC0,H 


7. Cyclic ketone formation. — As the calcium salts of the paraffin- 
monocarboxylic acids during distillation yield open ketones, so the 
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calcium salts of S(.>me higher normal luraffiii-dicarboxyiic acids yield 
during dry distillation cyclic ketones (J. Wislicenus) ; 

, CH,-CH.-CO,\ca . CH,-CH,-rH,-CO,\. 
‘\CH,— CH,-CO,/ CH,-CH,-CH,-C0,/ 


CH.-CH,-CO,V^ 
CH,— CH,— CO, ’ 
^CH, — CH,\^q 
CH,— CH, 


^ CH 


*\CH,— CH, 
PJJ /CH,-CH,-CH,-CO,\^ 
•\CH,— CH,— CH,— CO,/ 


CH,— CH,— CH, 


+ ch/ch.-.ch.-ch.\co 

\CH,— CH,— CH,/ 


CH,— CH,— CH,— CH,— CO, 

I CH,— CH,— CH,— CH,— CO, / 
1 CH,-CH,-CH,-CH,N_o 
CH,— CH,— CH,— CH, " 


2a, During distillation at ordinary pressures the anhydrides of 
adipinic and pimelinic acids and their alkyl substitution products split 
into COg and cyclic ketones (H. G. Blanc ; see Vol. L). 

8. Aliphatic diazo-compounds, like diazo-methane (Vol. I.) and 
diazo-acetic ester, add themselves to olefin-mono- and -dicarboxylic 
5sters vith the formation of cyclic azo-compounds or pyrazolin com- 
pounds, which, by splitting off nitrogen, pass easily into trimethylene- 
:arboxylic acids (E. Buchner) : 


N=N CHCO.R N=N— CHCO,R_v /CHCO,R 

\/ +11 =» I ! _*->CO,RCH( I 

CO,RCH CH, CO,RCH CH, ^CH, 

N=:N CHCO,R N=N— CHCO.R m XHC0,R 

\/ +11 == 1 I — CH,<: I 

CH, CHCOjR CH, CHCO,R ^CHCO,R 

Cp. also the condensation of benzol with diazo-acetic ester to 
isophenyl-acetic or norcaradiene-carboxylic ester. 


I.— TRI-, TETRA-, PENTA-, HEPTA-, OCTO- AND NONO- 
CARBOCYCLIC COMPOUNDS 

A number of natural products are closely related to these groups 
of carbocyclic compounds : carone^ cucarvone, pinene, camphor, 
tropin, ecgonin, pseudo-pellctierm, etc. This group of bodies, there- 
fore, has lately grown in scientific and practical interest. 

We may here first give a summary of the physical properties of 
the bimplest cyclo-paraffins (B. 40 , 3981) : 


Name. 

Melting-point. 

Boiling-point. 

Sp. G. at 4®. 

Refractive 
Index 
for D Line. 

Cyclopropane 

Gaseous 

Approx. —35® 



Cyclobutane 

Liquid 


07038 

1-37520 

Cyclopentane 

tr 

49 ® 

07635 

1-40855 

Cyclohexane 

+ 6 - 4 “ 

81® 

07934 

1-4266 

Cycloheptane 

-12** 

1 18® 

08275 

I -44521 

Cyclooctane 

+ II- 5 ® 

I 45 * 3 "-I 48 ® 

0-850 

1-44777 

Cyclononane 

• • 

170°-! 72® 

o 785 (?) 

1-4328 


The molecular refractions determined from the densities and 
refractive indices indicated agree with those calculated from theory 
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(see Vol. I., Introduction). It follows that in the cyclo-paraj05ns the 
formation of rings has no influence upon the molecular refraction. 


A. Trlmethylene Group. 


Trimethylene (cyclopropane) easily condensible gas. 

It is obtained from trimethylene bromide with the aid of sodium 
(Freund, 1882), or of alcohol and zinc dust (B. 20, R. 706 ; J. pr. Ch. 
2, 7, 512). It may combine with bromine, especially in the presence 
of HBr acid, whereby chiefly trimethylene bromide CHaBr.CHa.CHjBr 
is produced, or with hydriodic acid, forming n-propyl iodide, but 
it does so with greater difficulty than propylene. At a red heat it 
transforms itself into propylene (B. 29, 1297 ; C. 1899, I. 925, II. 287). 
In the presence of finely divided nickel, hydrogen reduces it to propane 
already at 80® (B. 40, 4459). KMn04 solution does not oxidise tri- 
methylene in the cold (B. 21, 1282). 

Concerning the difference in the heats of formation of trimethylene 
and propylene, see C. 1899, II. 801. 

Methyl-trimethylene, b.p. 4® (B. 28, 22 ; C. 1902, I. 1277) ; 
1, 1-Dimethyl-trimethylene b.p. 21® (C. 1899, I. 254 ; 1900, II. 1069) ; 
1, 1, 2- and 1, 2, S-Trimethyl-trimethylene (B. 84, 2856) ; Vinyl- 

CHav 

trimethylene I ^CHCH=CH, b.p. 40®, D 0.73, are produced in a 


peculiar reaction by the action of alcohol and zinc dust on the tetra- 
bromate of penta-erythrite (Vol. I.) ; by KMnO, it is oxidised to the 


CH,. ,CHOH . , . 

glycol I ^CH/ I , whii-h, by further oxidation with dilute 

HNO„ yields a-oxy-glutaric acid ; with Br it forms a dibromide, 
which, on treating with lead oxide, yields keto-pentamethylene (B. 29 , 
R. 780 : C. 1897, II- 696 ; also C. 1898, II. 475, footnote) ; with NjO, 
it gives a pseudo-nitrosite. m.p. 145'. from which on reduction, besides 
diamine C5H8(NH,)„ b.p. i8o“-i85°, cyclo-butanone is formed (B. 41, 
915). Concerning another interpretation of vinyl-trimethylene, see 
B. 40, 3884. 


Dimetbyl-methylene-trimetbylene I ^ 

Lii8 

is produced fromdimethyl-trimetbyleiie-carbinol on boiling with acetic 
anhydride (C. 1905, II. 403 ; 1909, 1. 1859). 

Monochloro-trimethylene, b.p. 43® (B. 24, R. 637). 

Dichloro-trimethylene, b.p. 74^ (B. 25 , 1954)- 

Amino-trimethylene (CsHgjNH,, b.p. 49®, from trimethylene- 
carboxylic amide with KOBr (C. 1901, II. 579)- Miscible with water 
in all proportions. Smells like propylamine. With nitrous acid it 
yields allyl alcohol, with splitting of the ring (C. 1905, I. 1704). 

Trimethylene-methylamine (C3H5)CH2NH2» . ^ 86®, from tn- 

methylene-carboxylic nitrile by reduction. Gives with nitrous acid 
trimethylene-carbinol and cyclo-butanol, with expansion of the ring 
(B. 40, 4393) 

Trimethyl-carbinol (C3H5)CH30H, by the reduction of trimethylene- 
carboxylic ester with Na and alcohol (B. 40, 4397)* With concentrated 
HBr it passes into 1,3-dibromo-butane (C. 1908, 1. 818). 
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Trimettaylene-ethyl-earblnol, b.p. 14°. 
Trimethylene-isopropyl-carbinol, b.p. 151°. 

These two are obtained by reduction of the corresponding ketones. 
Trimethylene- dimethyl -carbinol (C8H5)C(CHj)20H, by treating 
Mg(CH3)I with acetyl-trimethylene or trimethylene-carboxylic ester ; 
chloride, b.p. 132“ ; bromide, b.p. 152®. By oxalic acid it is isomerised, 
with splitting of the ring, to dimethyl - tetramethylene oxide 

(B. 84 , 3887). 

Trimethylene-diethyl-carbinol (CjH5)C(CjHj)20H, b.p. 158°. 
Trimethylene-metbyl-ethyl-carbinol (CjHj) C (C Hj) (CjHj) OH, b.p. 
141® (C. 1909, I. 1859). 

CH,. 

Trimethylene-aldehyde I ^h.cho, b.p. 98°, by oxidation of 

trimethylene-carbinol with chromic acid. 

Acetyl-trimethylene ^^•^ch.cocHj. b.p. 113®: 

1. From aceto-propyl-bromide with ejection of HBr by KOH 
(C. 1898, II, 474). 

2. From acetyl-trimethylene-carboxylic acid by heating. 

3. By the action of Hg(CH3)I upon trimethylene cyanide. The 
three-ring is split up by mineral acids. For homologous ketones see 
C. 190Q, I. 1859. 

Trimethylene-carboxylic acids (A. 284 , 197) are obtained by the 
general methods of ring formation 5, 6, and by method 8, which only 
leads to trimethylene-derivatives (p. 6). From those trimethylene- 
polycarboxylic acids which contain two carboxyls bound with one 
carbon atom, we obtain the carboxylic acids poorer in carboxyl by 
splitting off COg. Certain peculiar phenomena of isomerism (cis- and 
trans-forms) are attributed to the position of the carbo.xyls on the 
same side, or on different sides, of the trimethylene plane, as in the 
case of the isomerisms of the tri-thio-aldehydes (Vol. I.). 

Trimethylene - carboxylic acid C3H5CO2H, m.p. 18°, b.p. 183®, is 
isomeric with crotonic acid. The trimethylene ring is split by bromine 
with formation of a, y-dibromo-bnt>iic acid (C. 1909, II. 1130). Its 
nitrite, b.p. 118®, has been obtained by distilling y-chloro-butyro-nitrile 
over KOH ; ethyl ester, b.p. 134°; chloride, b.p. I2i®; amide, m.p. 

124® (C. 1901, II.'' 579 i I. 913). 

/CH— COOH 

Trans - phenyl - trimethylene - carboxylic acid c,H5CH< i 

CH, 

m.p. 105®, has been obtained by method 8, by addition of diazo-acetic 
ester to styrol {q^v.). It was successfully disintegrated to cis-trans- 
trimethylene-i, 2-dicarboxylic acid. 

2 , 2 - Dimethyl - trimethylene - carboxylic acid 

b.p. 100®, smells strongly of butyric acid. The ester, b.p. 90®, is formed 
by separation of HBr from the 3, 3-dimethyl-y-bromo-butyric acid 
ester (C. 1907, II. 897). 

Trimethylene- 1 , 1 -dicarboxylic acid {vinaconic acid) 

m.p. 140® (see method 5, p. 5). With HBr this passes into brom- 
ethyl-malonic acid CH(C02H)3BrCH,CH2. It also takes up bromine 
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(B. 18, 3314), but is not affected by HNO3, MnKO^, or nascent hydrogen 
(B. 23 , 704 ; 28 , 8). With Na-malonic ester the ester of vinaconic 
acid condenses to butane-tetracarboxylic ester, and thus behaves quite 
like a, p-olefin-carboxylic ester (see Vol. I. and B. 28 , R. 464). Con- 
cerning the constitution of vinaconic acid and the homologous methyl- 
vinaconic acid, see A. 294 , 89. 

1, l-Cyano«trimethylene-carboxyIic acid, m.p. 149®, from sodium- 
cyan-acetic ester and ethylene bromide (C. 1899, II. 824). 

Acetyl-trimethylene-carboxylic ester , b.p. 195®, 

CHj/ ^C00C2^^6 

from sodium-aceto-acetic ester and ethylene bromide (B. 17, 1440). 

Trimethylene-1, 2-dicarboxylic acid is known in two isomeric forms, 
distinguished as cis- and cis-trans- or trans- forms (A. 245, 128) : 


CO,H CO,H 

C C 

r-cis- form. 


CO2H H 

C C 

A CH./CO^H 
r-cis-tranb- form 


Cis- trimethylene -1, 2-dicarboxylic acid, m.p. 139 °; anhydride, 
m.p. 59®, is obtained from tr-i, 2-tri- and -i, 2-tetracarboxylic acid by 
heating. Cis-trans-trimethylene-i, 2-dicarboxylic acid, m.p. 175 ®, 
from monobromo-glutaric acid ester with alcoholic caustic potash 
(C. 1900, 1 . 284). It has been separated into two optically active com 
ponents by means of its quinine salt, like the cis-trans-trimethylene- 

1, 2, 3-tricarboxylic acid described below (B. 38 , 3112). Its methyl ester, 
b.p. about 210°, IS obtained from acr^l-diazo-acetic ester by method 8, 
besides glutaconic acid ester ; and from fumaric acid ester with diazo- 
methane (B. 27 , 1888 ; 28 , K. 290). 

Cis-phenyl-trans-2, 3 - trimethylene - dicarboxylic acid 

m.p, 175®; anhydride, m.p. 134®; from a-bromo- 

benzylidene-bis-malonic ester with alcoholic ammonia, or by adding 
diazo-acetic ester to cinnamic-acid ester (B. 36 , 3774 ; /. pr, Ch., 

2, 75 , 490). 

Trimethylene-1, 2-tricarboxylic acid ^ 

disintegration. Its ethyl ester, b p. 276®, from a,^-dibromo-propionic- 
acid ester (B. 17 , 1187), and from a-brom-acrylic ester with Na-malonic- 
acid ester by method 5 (B. 20 , R. 140, 258). 

Sym. trimethyJene-1, 2, 3-tricarboxylic acid cis- 

form, m.p. I50®-I53® ; cis- trans-form, m.p. 220®; anhydride, m.p. 187®, 
b.p. 265®. The cis-acid is obtained from the i, 2, 3-tetracarboxylic 
acid (B. 17 , 1652), the cis- trans-acid from fumaric-acid-diazo-acetic 
ester (B. 23 , 2583). The latter acid is also obtained from the oxidation 
of isophenyl-acetic or norcaradiene-carboxylic acid (B. 27 , 868). 

Trimethylene-1, 2-tetracarboxylic acid passes at 200 ® 

into the anhydride of the cis-i, 2-dicarboxylic acid. Its ethyl ester, 
m.p. 43®, b.p.12 187®, is obtained from method 6 (B. 23 , R. 241). 

Trimetbylene-l,2,3-tetracarboxylic acid passes 

at 95 °-ioo'’ into cis- 1 , 2 , 3 -tricarboxylic acid. Its eth 3 l ester. 
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b.p. 246®, from dibromo-succinic ester by method 5. The cis-i, 2,- 
trans-i, 3 acid decomposes at (B. 28 , R. 290). 

1, l-Dimethyl-trimetliylene-2, 8-dicarboxylio acid, caronic acid 

trans-form, m.p. 213°, passes on heating with acetic 

anhydride into the cis-form, m.p. 176®. The anhydride of the cis-form 
melts at 55®. The caronic acids are obtained by oxidation with 
Mn04K from carone (see Terpene ketones), which therefore contains a 
trimethylene ring. Synthetically, the caronic acids have been obtained 
from a-bromo-pp-dimethyl-glutaric-acid ester with alcoholic potash 
(C. 1899, I. 522). By heating with HBr the caronic acids are easily 
transformed into terebinic acid (q.v.). On heating aaj-dibromo-pp- 
dimethyl-glutaric ester with alcoholic potash we obtain etho-oxy- 

caronic acid i^i.p. 138° (C. 1901, II. no). 

1, 2-Dimethyl-trimethylene-2, 8-dicarboxyllc acid, m.p. 154®, is 
identified with the acid the ester of which is obtained with PCI5 from 
oxy-trimethyl-succinic ester (C. 1908, I. 627). 

The 1, l-dialkyl-2, 3-dicyano-trimethylene-2, 3-dicarboxylic acids 
have been obtained in considerable numbers in the form of imides of 

the general formula r , from the corresponding 
dialkyl-dicyano-bromo-glutarimides (C. 1899, II. 439 ; 1901, I. 57). 

Trimethylene-tricyano-tricarboxylic-acid ester r^oC(CN)/^\coor' 

m.p. 119®, is formed by the action of bromine or iodine upon sodium- 
cyano-acetic ester in ether ; on saponification it yields trimethylene- 
tetra- and then -i, 2, 3-tricarboxylic acid (B. 33 , 2979). 

Methyl-cyclo-propene-dicarboxylic acid 

see B. 26 , 750. 

B. Tetramethyiene Group. 

For obtaining tetramethyiene compounds the ring formation 
methods i, 5, and 6 are used. 

CW -C H 

Tetrametbylene-cyclo-butane chII-ch!' ^ D 4 » 07038, 

is obtained by reducing cyclo-butene with Ni and H at 100° ; at higher 
temperature^ butane is also produced, with splitting of the ring. It 
possesses a very feeble odour, and bums with a luminous flame. In 
the cold it is stable in the presence of bromine and concentrated HI. 

Hethyl-tetramethylene ^ P’ 39 °“ 42 °' "method i, p. 4. 

/'XJ * * 

Pyelo-butene easily condensible gas of b.p. i-5®-2®, 

D4® 0*733, generated together with A^*^-butadiene during dry distilla- 
tion of cyclo-butyl-trimethyl-ammonium hydroxide. Adds bromine, 
forming i, 2-dibromo-cyclo-butane, b.p.24 69°, m.p. —2®, which, with 
KOH, splits off HBr and passes into bromo-cyclo-butene. This is an 
oil of penetrating odour, b.p. 92®, which oxidises to succinic acid. With 
bromo-cyclo-butene as a starting-point, a number of bromo-substitution 
products of cyclo-butane have been prepared. Thus it combines with 
HBr to 1, 1-dibromo-cycIo-butane (I.), b.p. 158°, and with Br to 1, 1, 2 - 
tribromo-cyclo-butane (II.), b.p.^^ 109®. This gives, with alcoholic 



TETRAMETHYLENE GROUP 


II 


KOH, 1, 2-dlbromo-eyclo>batene (III.), b.p. 155°, distinguished by a 
great faculty for polymerisation. With KMn04 it oxidises to succinic 
acid, and combines with Br to form 1 , 2 -tetra-bromo-cyclo-batahe (IV.), 
m.p. 126°, which, on further bromination, yields pentabrom<Hsyelo- 
butane C4HjBr5, b.p.j, i75“-i85‘*, and hexabromo-cyclo-butane 
CjHjBr,, m.p. i86’5“, which is remarkable for its ease of crystallisation 
(B. 40 , 3979). 

(I.) (ii.) (in.) (IV.) 

CH,— CBr CH,— CBr, CH,— CBr. CH,— CBr CH,— CBr, 

CH,— CH CH, CHg— CHBr CBr CBr, 


The name dimethyl~methylene 4 etramethylene qh*— 

ioo°-io2®, is given to the hydrocarbon generated from the bromide of 
dimethyl-tetramethylene-carbinol by splitting off HBr. On reduction 
with HI it passes into r, 3-dimethyl-pentamethylene. 

Oxy-tetramethylene, cyclo - butanol C4H7OH, b.p. 123°, from 
amido-tetramethylene by the action of HNOg, and by electrolysis of 
potassium tetramethylene-carboxylate (B. 40 , 2594, 4962). 

Amido-tetramethylene C4H7.NH2, b.p. 81°, arises from the amide of 
tetramethylene-carboxylic acid with bromine and an alkali (B. 40 , 4745). 

Tetramethylene - methylamine 

reduction of tetramethylene-cyanide, gives, with HNOg, a mixture of 
tetramethylene-carbinol C4H7.CH2OH, and cyclo-pentanol C5H9.OH. 

Tetramethylene-carbinol C4H7.CH2OH, b.p. 142®, by reduction of 
tetramethylene-carboxylic ester with Na and alcohol ; bromide, b.p. 

(B. 40 , 4959). 

Tetramethylene-methyl-carbinol C4H7.CH(OH)CH3, b.p. 144®, by 
reduction of tetramethylcn e-methyl-ketone. 

Tetramethylene-dimethyl- and diethyl-carbinol, b.p. 147® and 188° 
respectively, by the action of Mg(CH3)I and Mg(C2H5)I on tetramethy- 
lene-carboxylic ester (C. 1905, II. 761 ; 1908, II. 1342). 

Tetramethylene-dlethyl-glycoJ [C4H7C(OH)C2H5]2, m.p. 95°, by 
reduction of tctramethylene-ethyl-ketone. 

Keto-tetramethylene, cyclo-butanone ^h*— CH » 


0 9548, generated (i) by action of bromine and alkali on a-bromo- 
tetramethylene-carboxylic amyl ; (2) during boiling of i, i-dibromo- 
butane with lead oxide and water. Nitric acid oxidises it to succinic 
acid (C. 1908, I. 123). 

Tetramethylene-metbyl- and ethyl-ketone, b.p. 135° and 145®, from 
the carboxyl chloride with zinc alkylene (B. 25 , R. 371), or from the 
amide with Mg(CH3)I (B. 41 , 2431). 

Di-tetramethylene-ketone (C4H7)2CO, b.p. 205°, from the calcium 
salt of carboxylic acid. 

Dimethyl- and diethyl-tetramethylene-ketone ^*”cSZchch’ 

m.p. 45°-i20° and i6o°-i65°. This constitution is ascribed to 
substances obtained during distillation of Ba salts of aai-dimethyl- 
and diethyl-glutaric acid (C. 1897, II. 342). 

1 , 8 -Dimethyl- 2 , 4 -diketo-tetramethyiene ^***coZchch,’ "’'P' 
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by saponification and rejection of CO, from the corresponding car- 
boxylic-acid ester, on boiliiij^ with bartya water. 

l,l,3,8-Tetramethyl-2, 4-diketo-tetramethylene c^C(CH ) - 

m.p. ii6®, obtained by rejection of HCl from iso-biityryl chloride. Also 
by action of molecular silver on bromo-iso-butyryl bromide. In both 
cases we must assume the formation of dimethyl-ketc'ne (see Vol. I.), 
which easily polymerises to tetramethyl-2, 4-diketo-tetraniethylenc. 
Its odour recalls both menthol and camphor, and it has the great 
volatility of these compounds. 

Dioxime, m,p. 281® (H. 39 , 070). 

Tetramethylene-carboxyllc acid CjHXOgH. b.p. 194®, smells like 
the fatty acids, and is generated from i, i-dicarboxylic acid ; on 
reduction by HI it yields n-valerianic acid, with splitting of the ring 
(C. 190S, IL 1342). Ethyl ester, b.p. 160® ; chloride, b.p. 142° ; 
anhydride, b.p. 160® ; amide, m.p. 130° ; nitrile, b.p. 150° (B. 21, 2692 ; 
C. 1899, II. 824). 

TetramethyIene-1, l-dicarboxylic acid melts at 155°, passing into 
monocarboxylic acid. Its ethyl ester, b.p. 224°, by method 5, p. 5 ; 
nitrile ester, b.p. 214°, from trimethylene bromide, and sodium cyan- 
acetic ester (C. 1S99, II. 824 ; 1905, II. 761). 

Cis-tetramethylene-l, 2-dicarboxylic acid, m.p. 137°, from tetra- 
carboxylic acid. Anhydride, m.p. 77°, b.p. 271° (B. 26, 2243). Heating 
with HCl to 190° produces the trans-acid, m.p. 131° (B. 27, R. 734). By 
bromination with Br and P, i, 2-dibromo-tetramethylene-dicarboxylic 
acid is produced ; and its ester, on treating with alcohol and KI, passes 


into the ester of cyclo-butene-dicarboxjiic acid 

The latter easily yields an anhydride (/. Ch. Soc. 65, 950). 

Tetramethylene-1, 3 -dicarboxylic acid, cis-form, m.p. 136°; anhy- 
dride, m.p, 51°; trans-form, m.p. 171®, have been obtained from the 
products of the action of formaldehyde upon malonic ester, and from 
a-chloro-propionic-acid ester, with the aid of Na alcoholate (C. 1898, 
II. 29). Also produced by boiUng p-methoxy-methyl-malonic ester 
wuth concentrated HCl with the loss of tw^o molecules of methyl 
alcohol, by saponification, and COg-rejection, from the tetra-carbo- 
pster first formed (C. 1909, I. 152) : 


CH3O— CH,— CH(COOR), CH,— C(COOK), 

-f ► I ' 

fROCO)2CH— CH,— OCH3 (ROCO),C CH, 


Tetramethylene- 1 , 2-tetracarboxylic acid, m.p. i45°-i5o°, by trans- 
formation into cis-i, 2-dicarboxylic acid. Its ester is formed by 
method 6. 

Diacetyl-tetramethylene-dicarboxylic ester by method 6, p. 5 
(B. 19 , 2048). 

Keto-tetramethylene-tricarbo-esters, such as : 


CO— CHCOOR 
I I 

^CH, 


ROCOCH— C 


\COOR 


CH3 

sCOOR 

ROCOCH— Ce ^^3 
\C00R 


CO— C^ 

i I 


CO— 

I |\COOR 


ROCOCH C<( 


COOR 


are formed by condensation of Na-maionic esters, or methyl and ethyl 
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malonic esters, with citraconic ester in alcoholic solution, in which 
process probably the tetracarboxylic esters first formed with open 
chains undergo cyclic aceto-acetic ester condensation. By saponi- 
fication with HCl two carbox-ethyl groups are split off the above 
substances, and the following i-keto-tetramethylene-3-carboxylic acids 
are formed (B. 83, 375 1) ^ 


CO — CH, 
CH,— 

’ \COOH 


CO — CHCH, 
CH,— 

* \COOH 


CO — CHC,H, 
VCH, 

■'"'.COOH 


CH,- 


1, 3 - Dimethyl -2, 4 - diketo - tetramethylene - carboxylic ester 
CH, 

CO-~C— COOCjHj, m.p. I33°-I35°, has been obtained by the action 
CHaCH-CO 

of concentrated sulphuric acid upon sym. dimethyl-acetone-dicar- 
boxylic ester. By alkalies the ring is easily split again (B. 40, 1604). 

Diethyl - diketo - tetramethylene - dicarboxylic ester, 

C,H, 


P o is identified with the 

C«Ha 


dimeric ethyl-ketene-carboxylic ester. During distillation at ordinary 
pressures it is depolymerised. Anilin also splits the molecule, forming 
ethyl-malonic-ester anilide (B. 42, 4908). 

Tetramethylene-l,3-diglyoxylic acid co co,H’ "" P- 

240°, produced by condensation of tartaric acid and paraformaldehyde 
with concentrated Decomposes into eth\lene and oxalic acid 

by heating with alkalies, and, on further heating with HgSO^, it passes 
into a dilactone (B. 29, 2273'. 

By polymerisation of olefin and acetylene carboxylic acids, we 
sometimes obtain substances with a lour-membered carbon ring : 

Diphenyl - tetramethylene - dicarboxylic acid, a-truxillic acid, 

c|h‘ch-Chcooh’ "’■P' acid (q.v.) by 

illumination (B. 35, 2908, 4128), and is found among the subsidiary 
alkaloids of cocain (q.v.). By distillation it again decomposes into 
two molecules of cinnamic acid. 


Dlphenyl-cyclo butadiene-dlcarboxylic acid cS®t=ccooH* ^ P- ^59*"* 
formed by polymerisation of phenyl-propiolic acid, on heating, or 
with POCI3 ; easily forms an anhydride or imide (B. 35, 1407). 

are disintegration products ol ptnene (see Terpenes), in which a tetra- 
metbylene ring, the so-called putane ring, is assumed. 


C. Pentacarbocyclic Compounds. 

The number of known pentacarbocyclic compounds is much 
greater than that of the tri- and tetracarbocyclic compiounds. They 
are derived partly from cyclo-pentane or pentamethylene, partly from 
cyclo-pentene. Cyclo-pentadiene is found in the inital products of raw 
benzene, as obtained from coal-tar. Pentamethylenes, and bexa- 
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methylenes, have also been obtained from the naphthenes of Caucasian 
petroleum ; and hexamethylenes are partially transformed into the 
isomeric pentamethylene derivatives by heating alone, or with HI 
under pressure (cp. A. 324 , i, etc.). Cyclo-pentane and its progeny 
have been obtained, not only by the methods of ring synthesis 
specified on pp. 4, 5, and 6, but also from hexacarbocyclic ring ortho- 
diketones by intramolecular atomic displacement (see Chloro-diketo- 
pentamethylene). This last reaction will be met with again in dealing 
with the disintegration of aromatic substances. In the same manner 
some remarkable pentamethylene derivatives have been obtained from 
hexa-oxy-benzol : croconic acid and leuconic acid, which are dealt with 
below under hexa-oxy-benzol. 

Camphor, which is easily converted into aromatic substances, and 
which contains a five-membered carbon ring, the so-called “ campho^ 
ceanic ring,*' gives in different reactions pentamethylene derivatives, 
e.g. camphorphorone, camphoric acid, campholenic acid, campholytic 
acid, etc. Camphor and its cyclic transformation products are dealt 
with in connection with the terpenes among the hydro-aromatic 
compounds, after the benzol derivatives. 

I. Hydrocarbons. — Pentamethylene, R - pentene, cyclopentane 

< CH — CH 

CH*— CH** pentamethylene iodide by reduction. 

Methyl-pentamethylene, b.p. 70®, contained in the so-called hexa- 
naphthene from Caucasian petroleum (C. 1898, II. 412, 576) ; formed 
synthetically from i, 5-dibromhexane, also from methyl-cyclopenta- 
none, as well as tert.-methyl-cyclopentanol (C. 1899, I. 1211 ; B. 35, 
2686). 1 , 2 -Methyl-ethyl-cyclopentane, b.p. 124°. 1,3-Dimethyl- 

pentamethylene, b.p. 93®, from the corresponding ketone, is optically 
inactive ; but from the iodide of the i, 3-dimethyl-tert.-cyclopcntanol 
by reduction an optically active i, 3-dimethyl-cyclopentane, b.p. 
91°, [a]o 178°, and also from i, 3-ethyl-meth3d-cyclopentanol 
1, 3-Methyl-ethyl-cyclopentane, b.p. 121®, [ajp 4*34°, is obtained 
(B. 35, 2678). 1 , 2-Diphenyl-pentamethylene, m.p. 47®, and 1, 2, 3, 4- 

Tetraphenyl-pentamethylene from anhydio-aceton- and anhydrodi- 
benzyl-ketone-benzile (C. 1901, II. 407, 1310). Triphenyl-methyl- and 
Triphenyl-dimethyl-pentamethylene from the corresponding cyclic pina- 
cones (C. 1903, 1. 568). 

Dipentamethenyl, dicyclopentyl CgH^-CgH^, b.p. 190°, from penta- 
methenyl bromide with Na (C. 1899, II. 367). 

Cyclopentene CHf^ ^ 45°» pentamethylene iodide 

^ Crl| — Cxl| 

or bromide with potash, or from cyclopentanol with PjOj (C. 1899 , 
367 ), yields with ozone an ozonide CgHgOj, which in water decom- 
poses, forming glutardialdehyde (B. 41, 1701 ). Perchloro-cyclopentene 
CjClg, m.p. 41 ®, b.p. 283 ®, from hexachloro-cyclopentenone with PCI5 

(B. 23 , 2214). Hethyl-eyclopentene b.p. 70®, [aj^ 

59*07®, from 3-methyl-cyclopentanol by means of zinc chloride or 
oxalic acid, also from the iodide with KOH. By oxidation it is split 
into a-methyl-glutaric acid, which, together with the optical activity, 
proves the formula assumed (B. 26 , 775 ; 35 , 2491). Isomeric with 

the methyl-cyclopentene is the Methylene-cyclopentane 
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b.p. a liquid of penetrating odour, produced from cyclop,entene- 

acetic acid by rejection of CO* ; nitroso-chloride, m.p. 81®. Gives a 
glycol, m.p. 40®, by oxidation with Mn04K, and also cyclopentanone 
(A. 847 , 325). Similarly, 1 - Methyl - 8 - methylene - cyclopentane 

Qfj -T- C C H \ 

• has been obtained from methyl-cyclopentene- 

acetic acid. By oxidation it is split into i, 3-methyl-cyclopentanone 
(B. 84 , 3950 ; C. 1902, I. 1222). Like methyl-cyclopentene, it is 
optically active. In comparison with the corresponding saturated 
hydrocarbons, the strong optical activity of the unsaturated hydro- 
carbons with five-membered rings is very remarkable. 

Ethylldeae-cyclopentane b.p. 114°, Isopropyl- 

Idene -cyclopentane ^ cyclopentene- 

isobutyric acid, with displacement of the double linking. By alcoholic 
sulphuric acid it is isomerised to A*-isopropyl-cyclopentene (A. 858 , 
307 )- 

Cyclopentadiene, penlol (cp. B. 22 , 916) b.p. 41®, 

an initial product in obtaining raw benzene from coal-tar, is a colour- 
less liquid, violently attacked by both acids and alkalies. It reduces 
ammoniacal silver solution. It soon polymerises, at ordinary tem- 
peratures, to a bimolecular compound, Dicyclopentadiene (CjHg)^, 
b.p.35 88°, which at 170° boils with partial re-formation of cyclopenta- 
diene. It is much more stable than the monomolecular compound, 
and resembles the terpenes in its behaviour (B. 39 , 1492 ; C. 1906, 
II. 1403). On heating under pressure, both the simple and the dimeric 
cyclopentadiene are transformed into a higher-molecular polymer, 
which again can be split to simple cyclopentadiene (B. 35 , 4151). 

The H atoms of the CHg group of cyclopentadiene have reaction 
capacities similar to those contained in the group .CO.CHg.CO 
(see Vol. I.). With K in benzene solution it yields the highly reactive 
potassium-cyclopentadiene, which absorbs CO2 with formation of a 
potassium salt of the bi -cyclopen tadiene-carboxylic acid (C5H5. 
C00H)2, m.p. 210°, and dimethyl ester, m.p. 85°. With oxalic ester 
cyclopentadiene in the presence of sodium ethylate it condenses to cyclo- 
pentadiene-oxalic ester C5H5.COCOOC2H5 ; with N2O3 an isonitro-deri- 
vative is formed. With aldehydes and ketones, under the influence of 
Na alcoholate, coloured hydrocarbons are formed, which, referred to the 

hypothetical simplest representation termed 

fulvenes: Dimethyl-fulvene C^U^:C(CU^)2» b.p. 46°; Methyl-ethyl- 
fulvene C5H4 : C(CH3)C2H3, b.p. 185°, orange-coloured oils ; Diphenyl- 
fulvene C5H4 : €(€3115)2, deep-red prisms, m.p. 82°. Further fulvenes, 
see A. 848 , i. Like cyclopentadiene itself, the fulvenes absorb the 
oxygen of the air, and form peroxides, e.g, [€5^14 : €(€H3)2]04 (B. 33 , 
666 ; 34 , 68, 2933). 

Cyclopentadiene unites with the quinones in molecular proportions 
to form stable compounds, like cyclopentadiene-quinone ChHiqO^, 
greenish-yellow flakes of m.p. 78° (A. 848 , 31). With i or 2 molecules of 
the halogen hydrides and the halogens cyclopentadiene yields addition 
products like : monochloro-cyclopentene C5H7€1, b.p.40 50° ; trichloro- 
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cyclopentane C5H7CI3, b.p. 196®; tetrachloro-cyclopentane C5H3CI4, 
b.p.i5 94®. Monochloro-cyclopentene gives with anilin anilino-cyclo- 
pentene C5H7.NC5H10, b.p.23 94^-96° (B. 33, 3348). By adding 2Br 
to the conjugate double links of cyclopen tadiene (Thiele), two stereo- 

isomeric I •4-dibromides are generated ^ 

and a liquid one, which, on oxidation, yield two stereo-isomeric aa^- 
dibromo-glutaric acids (A. 314, 296). Methyl-ethyl-cyclopentadiene, 
see below. 

1, 2, 4-Triphenyl- and 1, 2, 3, 4-T6trapheDyl-cyclopentadiene, m.p. 

149® and 177°, as well as triphen3d-mcthyl- and triphenyl-dimethyl- 
cyclopentadiene, m.p. 163° and 128®, are obtained from the corre- 
sponding cyclic pinacones by sphtting off 2H2O (C. 1898, II. 924 ; 
1903, 568 ; B. 36, 933). 

2. Alcohols. — Cyclopentanol CgHgOH, b.p. 139®; chloride, b.p. 
1 15® ; bromide, b.p. 137° ; iodide, b.p. 164® ; amine, b.p. 107° (A. 275, 

322) . 3-Methyl-cyclopentanol b.p.„4Q°; amine, 

b.p. 12 42® (B. 25, 3519 ; 26, 775). Both iilcohols are obtained by the 
reduction of the corresponding ketones. 

2-M6thyl-eyclopentanol, b.p. 148®, from methyl-cyclopentenone. 
I- or tert.-methyl-cyclopentanol, m.p. 30®, b.p. 136°, from the corre- 
sponding amine, b.p. 144°, obtained by reduction from the nitrification 
product of methyl-pentamethylene ; also from cyclopentanone with 
CHaMgl, as well as by direct synthesis from 8-aceto-butyl-iodide with 
Mg (p. 4, and B. 35, 2684 ; C. 1899, 1. 1212). 

1, 3-Dimethyl-tert-cyclopentanol, b.p.24 89®, from i-methyl-3- 
C3xlopentanone with CH^Mg! (B. 34, 3950). 

Pentamethylene-glycol C5Hg(OH)2, m.p. 49°, b.p.^g 127®, from the 
dibromide of the c3xlopentene (C. 1899, 3^7)- ^ further number 

of glyxols of the pentameth\*lene series have been obtained by intra- 
molecular pinacone formation (p. 4) by reduction from the i, 5-di- 
ketones (see C. 1901, II. 406 ; 1903, I. 588). 

Pentamethylene-carbinol C5H2CH2OII, b.p. 162®, from cyclo- 
pentyl-magnesium chloride and inoxy-methykne. Also by the action 
of HNO2 on pentamethylen^methylamine C5H2CH2NH2, b.p. 139®- 
145®, besides the cyclohexanol {q,v.) produced by a peculiar ring 
expansion (A. 353, 325 ; B. 41, 2629). 

l-Isopropyl-cyelopentane-l, 6-dIol ch‘Z^h*/C(OH)— 

m.p. 62®, b.p.i4 108®, produced by action of CHgMgl upon a-oxy-c3 clo- 
pentane-carboxylic ester. On heating with dilute SO4H2 or oxalic 
acid, the pinacone undergoes the pinacolin transformation with 
extraordinary facility, 2, 2-dimethyl-cyclohexanone being formed 
with displacement of a methylene group and expansion of the ring 
(A. 876, 152). 


CHt— CH,\ 
CHg—CH,/ 


C(OH) C(OH) 


/CH3 . 

\CH, 


/'CH,— CO \p/CHs 
\CH,— CH*/ XCHg’ 


3. Ring-Ketones. — ^The cyclic ketones obtained from calcium salts 
and the anhydrides of adipinic acid and the alkyl-adipinic acids by 
methods 7 and 7a, p. 6, formed the starting material for the prepara- 
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tion of the corresponding alcohols, from which later the saturated, 
and unsaturated, pentacarbocyclic hydrocarbons were obtained. 
The oximes of these ketones yield on treatment with concentrated 
SO4H2, 8-lactames by Beckmann's transformation (see Vol. I.). 

Adipin-ketone \cyclopentanone\ keto-peniamethylene 

'CHj— — CHj 

b.p. 130°, is found in the wood acids (B. 31, 1885), and is also generated 
from 2-keto-pentamethylene-carboxylic ester by ketone splitting. 
It smells like peppermint, and yields n-glutaric acid on oxidation. 
Oxime, m.p. 120° (A. 275 , 312). Heating with acetic anhydride to 180° 
gives, with partial enolisation, cyclopentenol acetate, b.p. I56®-I58°. 
With benzaldeh3'de, adipin-ketone condenses easily to a mono- or 
dibenzal compound CgHgCH : (CjHgO) and CgHjCH : (CgHgO) : CHCgHg 
(B. 29 , 1601, 1836; 36, 1499; C. 1908, I. 637). With HNO, we 
get di-iso-nitroso-cyclopentanone HON : (C5H4O) : NOH, m.p. 215° 
(C. X909, II. 1549). By sodium ethj’late two and three molecules of 
the cyclopentanone are condensed, forming cyclopentane-pentanone 
(CgHjO) ; (CjHg), b.p.ij 118'’, and cyclodipentane-pentanone (CgH;,) ; 
(C5H4O) : (CjHs), m.p. 77°, b.p.14 190'’ (B. 29 , 2962). 3-MethyI-cyclo- 
pentanone is optically active, [aj 135-9° 

(B. 35, 2489), and smells like camphorphorone (q.v.), which belongs 
to the cyclopentenones, but is only dealt with in connection with 
camphor. The oxime of methyl-cyclopentanone is split up by PjOj 
to the nitrile of hexylenic acid with ^-methyl-pyridine as a 

by-product (C. 1899, 947 )- similar behaviour of other 

cyclic ketones. 

A 2-Metbyl«cyclopentanone, which also boils at 142^-144®, has been 
obtained from a-methyl-adipinir acid (B. 29 , R. 1115). 2,^Dimethyl- 
cyclopentanone, b.p. 146®, from aai-dimethyl-adipinic acid (B. 29,403). 
2p 8, S-Trimethyl -cyclopentanone from a, p, p-t rime thy 1 -adipinic acid 
is related to camphoric acid (B. 33 , 54). A large number of other 
homologues of cyclopentanone have been prepared by method ya, p. 6, 
from the anhydrides of the alkylated adipinic acids (C. 1908, II. 776). 

1 , 8-Dlmethyl-4, S-dipheoyl-cyclopentanone cIh^Jh-SJchI))^®' 
m.p. 122°, by reduction of dimethyl-anhjdro-acetone-benzile with 
HI and P. As an intermediate product we obtain 1 , 3-Dimethyl- 
4, 5-dlphenyl>A*-cyclopentenone, m.p. 122° (C. 1905, 1. 172). 

Hethyl-cyelopentenone jj p 157“^ in wood oil. 

Oxime, m.p. 128° (B. 27 , 1538). 

Phenyl-cyclopenteDone "" P' phenacyl- 

acetone (q.v.) with dilute NaOH. Oxime, m.p. 147° (B. 41 , 194). 

Dlphenyl-cyclopentenolone,an/ty<irc»-flcefontff»tf«n 7 <’^‘jj*^^^^^jj ^O. 

m.p. 149°, from benzile {q.v.) and acetone. By condensation with 
other ketones, such as methyl-ethyl-ketone and dibenzyl-ketone, 
several more such ketone alcohols, of the cyclopentene series, have 
been formed; from benzile and laevulinic acid (Vol.I.) we obtain similarly 
a Diphenyl-eyolopentenolone-aeetic acid or anhydro-benzile-laevulinic 
acid (C. 1899, II. 1051 ; 1901, II. 1310 ; 1903, I. 569). An isomeric 
VOL. 11. C 
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diphf;n3'l-cyclopentenolone c*h'c” C(OH*) 

tained by the action of concentrated S04Hj upon dibenzal-acetone, 
which is oxidised by potassium permanganate to benzile, and desyl- 
acetic acid {q.v.). With HI both isomeric compounds are reduced to 

1, 2-Dipbenyl-cycIopentane (B. 37, 1133 )- 

Hexachloro-cyclopentenones m.p. 28°, b.p.go 156°, and 


Ca ^ oxidation with CrOj, from the 

corresponding a-oxy-acids. obtained from benzene derivatives, like 
o-amido-phenol and pvro-catechin (B. 24, 926 ; 25, 2697). For the 
action of NH, upon these ketones, see C. 1898, 1 . 607. 

1, 2-Diketo-pentamethylene ni.p. 56°, produced by 

ketone splitting of the i, 2-diketo-pentameth3dene-3, 5-dicarboxylic 
ester. The diketone has acid qualities. In accordance with the 


desmotropic formula of a Cyclopentenolone 

salts and reacts with acetyl chloride, benzoyl chloride, and phenyl 
C3’anate (B. 35 , 3201). 

Chlorine easily acts upon diketo-pentamethylene. with formation 
of 3-Chloro-l, 2-dike to-pentamethylene, m.p. 139°. Chlorinated 1,2- 
diketo-pentamethylenes are also formed in a manner analogous to the 
chlorinated cyclopentenones, from benzoyl derivatives, like phenol, and 
chlorani ic acid. From potassium chloranilate with chlorine and water 

m.p. 125® (B. 25 , 848). Starting from 


we obtain : 


COCCI* \qo, 
CO.CHCl ^ 


CCl— CO\ 

resorcin, Tetrachloro-diketo-R-pentene 


148°. was obtained (B. 24 , 916 ; 25 , 2225). 

The primary disintegration products of the benzene derivatives 
ser\dng as basic products in these reactions are often chlorinated ketonic 
acids. Thus,in the last case, from resorcin the acid CCl3.CO.CCl : CCICCI2 
COOH, perchlor-acetyl-crotonir acid, in which the ring completion to 
the keto-pentameth3denes is then carried out by heating with con- 
centrated sulphuric acid (B. 26 , 513). In a similar manner it has 
been found possible to convert the jS, 8-dibromo-laevulinic acid 
CHoBr.COCHBr.CHg.COOH by means of fuming sulphuric acid 

CBr— CO. 

into two : Dlbromo-diketo-H-pentene n >CHBr, m.p. 99®, and 

CH-~CO/ 

CH— CO. 

II )CBr,. m.p. 137® (A. 294 , 183). 

CH— CO"^ 

Methyl-triketo-pentamethylene 

oxalic ester, and methyl-ethyl-ketone, by method 46 (p. 4) (B. 89, 
1336). 

By analogy, we have from dibenzyl-ketone : 
Dipbenyl-triketo-pentamethylene, oxalyl-dibemyl- ketone 

^^\CH(C*Hi~CO* heating, it transposes itself into 

isoxalyl-dibenzyl-ketone, the lactone of an acyclic acid (B. 27, 1353 ; 
A. 284, 245 ). 
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Pentaketo-pentamethylene is the leuconic acid (q,v,) produced by 
oxidation of croconic acid (q.v.). Both compounds are dealt with 
among the oxy-benzo-quinones in connection with rhodizonic acid. 

4. Aldehydes and Extra-cyclic Ketones. — Cyclopentane-alde- 
hyde CgHgCHO, an oil with a penetrating odour, resembling valeralde- 
hyde, has been obtained by the action of dilute SO4H2 on methylene- 
cyclopentane-glycol {q.v.), Semicarbazone, m.p. 123°. 

A '-Cyclopen tenaldehyde ^C.CHO. an unstable liquid, smell- 

ing like benzaldehyde, formed easily by condensation of the dialdehyde 
of adipinic acid (Vol. I.). Also from the nitroso-chloride of methylene- 
cyclopentane by rejection of HCl and splitting of the initially formed 
oxime with dilute acids. 

l-Methyl-2-acetyl-pentamethylene C 5 Hi^{CH 3 )(COCH 3 ), b.p. 170®, 
from its carboxylic acid. 

Acetyl-A'-cyclopentene ^C.cocHs, b.p. i73°-i74®, smells 

CH 

distinctly of benzaldehyde. Its oxime, m.p. 91®, is generated by HCl 
rejection from the nitroso-chloride of ethylidene-cyclopentane. 

l-Metbyl-2-acetyl-A^-cyclopentene 

Oxime, m.p, 85®, generated from the €-diketonane by Na ethylate. 
Oxidised with Mn04K it yields y-acetyl-butyric acid. The inter- 
mediate formation of a 1,6-diketone is also, probably, a step in the 
formation of : 


Pentamethyl- acetyl -cyclopentene b.p. 

2io®~230®, by reduction of the mesityl oxide (Vol. I. ; C. 1897, II. 579). 
Concerning similar ring completions of 1,6-diketones to cyclopentene 
derivatives, see C. 1899, I- 21 : 1909, I. 119). 

1-Acetyl-cyclopentanone ^^^""^^NchcocHs, b.p.g 75®, by method 

4^. P- 5, from €-keto-oenanthylic acid. By heating with alcoholic Na 
ethylate the ring is easily split again (C. 1909, II. 119). 

By attaching cyclopentanone to benzal - aceto - phenone, by 
means of alcoholic caustic soda we obtain the diketone 


Ch,~co-/^“-^"\ch,coC4H4 ^445). 

5, Carboxylic Acids. — CyclopentaDe-carboxyllc acid, b.p. 214®, 
smells of sweat ; 2 -Methyl-cyclopentaDe-carboxyllc acid, b.p. 219®; 2 , 5 - 
Dimethyl-cyclopentane-carboxyllo acid, three stereo-isomeric forms: 
75 °- 77 °i m.p. 26°~3 o®, and m.p. 49‘'-50° : 


CH..CH 

CHj.CH 



CHj.CH (CH8)\ JJ 

CH,.CH| 


CH..CH(CHs)\chcOOH. 

CH,.CH(CH8)/ 


These acids have been obtained from the cyclic malonic esters : 




CH,.CH{ 

CHj.CH, 


<^H»)'^ C(C00R), 


CH,.CH(CH,) 

CH,.CH(CH,) 


^C(COOR) 


t 


obtained from the corresponding alkylene dibromides by method 5 (p. 5) 
(B. 26 , 2246 ; 27 , 1228 ; 84 , 2565). 

Cyclopentane-carboxylic acid has been prepared from the chlofo- 
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cycloi)entane with Mg and COg, and from the corresponding a-oxy-acid. 
The 2-methyl-cyclopentane-carboxylic acid has been obtained from the 
corresponding a-acetyl-carboxylic acid. 

3 -Methyl-cyclopentane-carboxylic acid, b.p.^5 ii6°, [a]^ ~5‘S9^ 
from the iodide of 3-methyl-cyclopentanol with Mg and COj (B. 85 , 
2690). Isomeric with this is cyclopentane-acetic acid CgHg.CHjCOOH, 
by disintegration of the condensation product of iodo-cyclopentane 
with Na-malonic ester (B. 29 , 1907). 

Cyclopentan 6 -l, 2 -dicarboxylic acid is known in two modifications. 
The cis-form forms an anhydride, and is generated by heating the 
cyclopentane-i, 2-tetracarboxylic acid obtained by method 6 (p. 5), or 
from trimethylene bromide with sodium-malonic ester (B. 18 , 32^6 ; 
C. 1901, II. 1264). 

1, 3 -Cyclopentane -tetracarbox^dic acid, produced in a similar 
manner, yields, on heating. Cis-cyclopentane-1, 3 -dicarboxyllc acid, m.p. 
121° (anhydride, m.p. 161®), w’hich on heating with HCl is partly trans- 
posed into the trans-acid. m.p. 88° (C. 1898, II. 770). 

Cyclopentane-1, 2 , 4 -tricarboxylic acid C5H7(COOH)3 is obtained by 
the splitting ot i, 2, 4-cycJopentane-hexacarboxylic ester, w’hich is 
formed by method 6 (p. 5), by the action of Br upon pentane-i, 3, 5- 
hexacarboxylic ester (C. 1900, I. 802). 

Cyclopentene-carboxylic acid C5H-.COOH, m.p. 120°, from the 
corresponding aldehyde with Ag20 (C. 1898, II. 761). 

Cyclopentene-l, 2 -dicarboxylic acid ^^Kch^Zccooh’ 

from aai-dibromo-pimclinic acid by the action of Na alcoholate (see also 
p. 5). Also from i, 2-dibromo-cyclopentane-i, 2-dicarboxylic acid, 
obtained by bromination ot cyclopentane-dicarboxylic acid, by treat- 
ment with alcohol, and KI. The acid easily adds 2Br ; by melting 
with potash U is disintegrated to adipinic acid (B. 28 , 655). 

Bls-cydopentadiene-carboxylic acid was mentioned above in connec- 
tion with cyclopentadiene. 

Cyclopentane-acetic acid CpH ril^COOH, b.p. 226°-230°, has 
been obtained by transposition of cyclopentanol-acetic ester with 
HBr and reduction of the compound produced. Amide, m.p. 145° 
(A. 353, 304). 

Several a, jS-unsaturated acids are obtained by rejection of water 
from the oxy-acids dealt with below. 

Cyclopentene-acetic acid {C5H8) rCHCOOH, m.p. 52°, b.p.13 128°- 
130° ; Methyl-cyclopentene-acetic acid (CH3C5H7) : CHCOOH, b.p.^ 

128° ; Cyclopentene-propionic acid 

On dry distillation these acids expel CO2 and pass into cyclopcntene- 
hydrocarbons with semicyclic double linking ; see Methylene-cyclo- 
pentane (A. 365 , 273 ; C. 1902, I. 1222). By nuclear synthesis from 
laevulinic ester with Na alcoholate a Methyl-cyclopentadiene-carboxyl- 

propionie acid has been obtained, which 

at 218° gives off CO2, and melts, forming at first methyl-cyclo- 
pentadiene-propionic acid C6H4(CH3)(CH2CH2COOH), m.p. 65°, and 
then methyl-ethyl-cyclopentadiene C6H4(CH3)(CH2CH3), b.p. 135°. 
These substances resemble cyclopentadiene in their behaviour 

(B. 86, 944). 
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Camphoric acid, i-methyl-2-dimethyl-cyclopentane-i, 3-dicarbo 
xylic acid, is dealt with under camphor [q.v.). 

6. Alcohol - CARBOXYLIC Acids.— a-Oxy-cyclopentane-carboxylic 

acid cyclopentanone HCN and HCl 

(A. 275 , 333), yields by reduction pentamethylene-carboxylic acid. 

l-Methyl-a-amido-cyclopentane-carboxylic acid CH3.C5H^(NH2) 
COOH, m p. 299° (B. 39 , 1728). Hexachioro-a-oxy-cyciopentene- 

carboxylic acid generated from chlorinated cyclo- 

hexene-i, 2-diketone with NaCOg or sodium acetate. On heating 
it passes into an isomeric acid (B. 23 , 824). Both acids, boiled with 
water, yield perchloro-indone [q,v,) (A. 272 , 243). Trichloro-cyclo- 

pentene-dioxy-carboxylic acid action of 

chlorine on alkaline phenol solution (B. 22 , 2827). 

1 , 1 -Cyclopentanol acid ester 105 “- 

107°, by condensation of cyclopentanone and bromacetic ester by 
means of zinc. Similarly we obtain 3-Methyl-l, 1 -cyclopentanol- 
acetic ester CII3 C3H,(r)H)(CH.3COOC.3H5), b.p.,i go°-g2° ; 1, 1- 

Cyclopentanol'propionic ester C 5 Hb(OH)CH(CH 3 )COOQ,H, ; 1, 1- 

Cyclopentanol-isobutyric ester C,H8(OH)C(CH5)jCOOCaHj, b.p.u io 8 °- 
ii 3 °- 

7. Ketone-carboxylicAcids.— 2-Keto-pentamethylene-carboxyllc 

ester yco, from adipinic ester by method 4a, p. 4 ; this 

^xl2 wxlj '■ ■> y 

ester may be regarded as a carbocyclic derivative of aceto-acetic 
ester, and show^s its typical reartions (Vol. 1 .). With Na alcoholate 
and methyl iodide it yields l-Methyl-2-keto-pentamethylene-carboxylic 
ester, b.p. 22 ioS°, and by ketone splitting, keto-pentamethylene. By 
acid splitting, adipinic acid is regenerated. With amyl nitrite and 
Na ethylate, a-oximido-adipinic ester is produced. 

4-Methyl-2-keto-pentamethylene-carboxylic ester from jS-methyl- 
adipinic ester (A. 317, 27, etc. ; C. 1908, 1 . 1169). 

Keto-pentamethylene-3, 4-dicarboxylic acid Chco*h* 

189°, by condensation of aconitic ester and Na-malonic ester, and 
subsequent disintegration (B. 26 , 373). 

Keto-pentamethylene-2, 3-dicar boxylic ester ^^«\ch~Chcooc*h*' 

b.p.ig 166®, obtained from butane-i, 2, 4-tricarboxylic ester by method 
4a (p. 4). On saponification it expels CO2, and passes into : 

Keto-pentamethylene-3-carboxylic acid, 

65® (C. 1908, II. 1781). 

A Phenyl-keto-pentamethylene-dicarboxylic acid has been prepared 
by condensation of 2 - phenyl - 1, 3, 4 - butane- tricarboxylic ester 
(A. 815, 219 ). 

A Trimethyl-keto-pentamethylene-dicarboxylic ester, obtained from 
dimethyl-butanc-tricarboxylic ester by condensation with Na and 
methyl iodide, possibly contains an atomic group similar to that of 
camphoric acid (C. 1900, II. 332). 
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l-lmino- 2 -cyaiio-cyolopentane 

duced by intramolecular condensation of adipinic dinitrile with Na 
ethylate. Similarly, 2-Imino-3-eyano-cyclopentane-l-carboxylic ester 

”^ P* is obtained by the action of 

soSum cyanacetic ester upon i, i-cyano-trimethylene-carboxylic ester 
where an intermediate production of auj-di-cyanadipinic ester must 
be assumed. On treatment with acids we obtain in succession : 

3 - Cyano- 2 -keto-pentamethylene-carboxylicester,b.p.igi 72 °“i 74 °,Cyano- 

cyclopentanone ^‘P* finally, cyclopentanone 

(C. 1909, II. 14). 

Several i, 2-diketo-pentamethylene-carboxylic acids have been 
obtained by method (p. 4), by condensation of oxalic ester with 
esters of the glutaric acid series, and similar acids, 1,2-Diketo- 

pentamethylene-S, 5-d!carboxylic ester Vh, (B. 85, 

3206), and the corresponding methylated and phenylated ester in the 

4 - position. Some interest attaches to the ester of 4,4-Dimethyl- 

1, 2-diketo-pentamethylene-3, 5-dicarboxylic acid 

which has been made to pass in succession into apocamphoric acid, 
and dimethyl-pentamethylene-dicarboxylic acid, by replacement of 
the keto-oxygen atoms by hydrogen (A. 368 , 126). 

By similar syntheses we obtain from oxalic and tricarballylic 
ester : 1, 2 - Diketo - pentamethylene - 3, 4, 5 - tricarboxylic ester ; from 
oxalic acid acetone-dicarboxylic ester : 1, 2, 4-Trike to-pentamethy- 
lene-3, 5-dicarboxylic ester (C. 1897, II. 892 ; B. 29 , R. 1117). 

2 - Methyl - 1 - acetyl - pentamethylene - carboxylic acid 

method 5 (p. 5), is an extracylic 

ketone-carboxylic ester (B. 21 , 742). 

A special group is formed by some substances, in which a five- 
membered ring includes a three-membered ring, the so-called bicyclo- 
pentanes. By condensation of aa, dibromo- (i-dimethy 1 -glut aric ester 
with Na-malonic ester a dimethyl-keto-hicyclopentane-tncarhoxylic ester 
is formed, through the intermediary of a Dlmethyl-trimethylene- 
diearbo-malonic ester : 

COOR COOR COOR 

icm \ ^ mu \ CH(CQOR)t CH.COOR 

COOR COOR COOR 

The tricarboxylic ester is changed by successive rejection of 
2COOR into Dimethyl'keto-bicyclopentane'di-and-monocarboxylic acid 
(CH,),C^ -C HtCOOH) In the latter 

acid the trimethylene ring is broken up with formation of 2-Dimethyl- 
4 -keto-pentamethylene-carboxylic acid (B. 35 , 2126 ; B. 42, 2770). 

D. HeptacarbocycUc Compounds. 

These substances have lately acquired additional importance 
through their relations with alkaloids and terpenes, as well as the 
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so-called isophenyl-acetic acid. The frequently easy transformation 
of heptacarbocyclic compounds into benzene derivatives is worthy of 
note. Synthetically, most of the suberane derivatives have been 
obtained by starting from suberone (cp. A. 275 , 356). 

Suberane, heptamethylene, cycloheptane b.p. 117®, 

generated by reduction of suberyl bromide or iodide. By bromine 
and Al bromide suberane is converted into penta-bromo-toluol (q.v ,) ; 
by heating with HI, into methyl-cyclohexane and hexa-hydro-toluol 
(B. 27 , R. 47). 

Ethyl-suberane C7H13.C2H5, b.p. 163°, from zinc ethyl and suberyl 
bromide. Two molecules of suberyl bromide and sodium yield di- 
suberyl C7H13.C7H13, b.p. 291® (A. 327 , 70). 

Suberene, cyclohepiene obtained from 

suberyl iodide with alcoholic potash. Also from suberylamine 
by treatment with suberyl-trimethyl-ammonium hydroxide, and 
distillation of the latter (A. 317 , 218). Combines with Br to form 
a dibromide. 

A'-Methyl-suberene ch ^ methyl- 

suberol on heating with potassium bisulphate. On oxidation with 
Mn04K it yields c-acetyl-capronic acid. Nitroso-chloride, m.p. 106® 
(A. 345 , 139). Isomeric with this hydrocarbon is: 

Methylene-cycloheptane b.p. 139®, obtained by 

distillation of suberene-acetic acid. Nitroso-chloride, m.p. 81®; 
Mn04K oxidises to glycol (C4HJ2) : C(0H)CH20H, m.p. 50®, which, 
on further action, passes into oxy-suberane-carboxyhc acid and into 
suberone (A. 345 , 146). 

Cycloheptadiene, heptamethylene - terpene, hydro^tropilidene 
b.p. 121®, by distillation of the quaternary ammonium 

Crl Cri.Crij/ 

bases generated by the complete methylation of the various amino- 
cycloheptenes (see below), produced partly by synthesis and partly by 
disintegration of tropin. Combines with Br to a i, 4-dibromide, wMch, 
on heating with quinolin, rejects 2HB and becomes: 

Cycloheptatriene, tropthdene ! CH/ ' 

the dibromide of the latter passes into benzyl bromide on heating to 
100® with HBr (B. 31 , 1544). 

Suberyl-alcohol, cycloheptanol, C7H13.OH, b.p. 184®, is formed 
besides suberyl-pinacone by reduction of suberone with Na and 
alcohol ; by strong reduction with HI, suberyl-alcohol is converted 
into hexahydro-toluol (B. 30 , 1216). Chloride, b.p. 174® ; bromide, 
b.p.40 loi® ; iodide, 1-572. Suberylamine, C7H13.NH2, b.p. 169®, 
by reduction of suberone oxime, or from suberane-carboxyl amide 
with KOBr (B. 26 , R. 813 ; A. 317 , 219). 

Methyl-suberol (CeHu) : C(OH)CH8, b.p. i83®-i85®, from suberone 
with Mg(CH3)I. 

Cycloheptenol-ethyl ether, C7Hji.OC2Hg, b.p. 174®, from suberene 
dibromide with alcoholic potash. 

Suberyl-methylamine (C7Hi3).CH2NH2, b.p. 193*^-195°. the 
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amide of suberane-acetic acid with Br and alkali. Nitrous acid gives 
suberyl-carbinol, and azelaoJ (A. 353 , 327). 

A^Amino-cycloheptene CH^CH* ^ 

cycloheptene-carboxylic amide with KOBr, yields on nicthylation 
AMimethyl-amino-cycloheptene C7H„N(CHs)a, b.p. 188°. This is 
also produced from suberene dibromide with dimethylamine, and 
shows positive isomerism with the two methyl-tropanes interpreted 
as A*- and A^-dimethyl-amino-cycloheptene, produced by disintegration 
of the alkaloid tropin (A. 317 , 204 seg.). 

Suberone [cyclo/tepianone] cHa^Ha^CHa/^^* *^*P* smells of 
peppermint. From distillation of Ca suberinate. Passes on oxidation 
into pimelinic acid. Condenses like adipin-ketone with benzaldehyde 
into a dibenzal derivative, m.p. 108® (B. 29 , 1600). Suberone oxime 
C7 Hi 2(NOH), m.p. 23®, b.p. 230®, is transposed by concentrated 
H2SO4 into f-heptolactame (see Vol. I.) Semicarbazone, m.p. 164°. 

A'-Methyl-suberenone 200®-205®. Its oxime 

rl 2 ^ Xx 2 • O xl ^ 

has been obtained from the nitroso-chloride of A^-methyl-suberene by 
rejection of HCl (A. 345 , 145). 

Suberane-aldehyde smelling strongly 

UJria.C'Jrla.C/Jrla 

of benzaldeh\’de, from the glycol of methylene-cycloheptane by the 
action ot dilute H2SO4 (A. 345 , 149). 

A^-Suberene-aldehyde \c.CHO also smells strongly of 

C/ Jri I • C/ Xx I • Iri g / 

benzaldehyde. It has been obtained from the nitroso-chloride of 
methylene-suberane by withdrawal of HCl, and splitting of the oxime 
thus generated with acids. Silver oxide oxidises it to suberane- 
carboxylic acid. 

Suberane-carboxylic acid, cycloheptane-carhoxylic acid, C7HJ3CO2H, 
b.p.i5 139^. Amide, m.p. 195®, has been obtained synthetically from 
Suberane-1, 1-dicarboxylic acid, the ester of which is formed to a slight 
extent from hexamethylene bromide and Na-malonic ester (B. 27 , 
R- 735)* Suberane-carboxylic acid is also obtained from suberyl 
bromide with Mg and CO2 in ether, and by reduction from the various 
cycloheptene, heptadiene, and heptatriene carboxylic acids. With 
Br and P it yields a-Bromo-suberane-carboxylic acid, m.p. 93°, wliich, 
by rejection of HBr, gives : 

A^-Cycloheptene-carboxylic acid C^H^iCOOH, m.p. 52°. Amide, 
m.p. 126°. This acid is also obtained, by heating with caustic alkali, 
from the isomeric A^-Cycloheptene-carboxylic acid, m.p. 19° ; amide, 
m.p. 158®. Both acids have also been obtained, together with some 
other isomers, by the reduction of cycloheptatriene-car boxy lie acids 
or their dihydrobromides (A. 317 , 234). 

Cyelobeptadiene-carboxylic acid C^Hj.COOH, m.p. 78®, identical 
with hydro-tropilidene-carboxylic acid, a disintegration product of 
hydro-eegonidin {q.v.), 

Cyclobeptatriene - carboxylic acids, tropilidene - carboxylic acids, 
isophenyUacetic acids, C7H:.COOH : a, m.p. 71® (amide 129®); j 3 , m.p. 
56® (amide 98®) ; y, liquid (amide 90®) ; 8, m.p. 32® (amide 125®). The 
isomerism of these acids is governed by the various positions of the 
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three double linkages. With HBr they form mono-, di-, and even 
trihydrobromides, but on energetic treatment with HBr they are 
transposed into the dihydrobromide of p-toluylic acid. They have 
been obtained ; (i) by disintegration of the alkaloid ecgonin, which 
therefore, like the related tropin, contains a seven-member carbon 
ring (B. 81 , 2498) ; (2) by transposition of the pseudo-phenyl-acetic 
acid or norcaradiene-carboxylic acid (C. 1900, I. 811), The latter, 
generated from benzene and diazo-acetic ester (Vol. I.) by rejection 

of N, has the formula represents the 

combination of a six-member ring with a trimethylene ring, and 
therefore a condensed nucleus such as is dealt with below. Similar 
combinations are probably also contained in the terpene-ketones 
carvone (q.v.) ditid eucarvone (q.v.), of which the latter passes by reduction 
into dihydro-eiicarvone, which should be regarded as methyl-gem- 
dime thyl-cycloheptenone ^(CHa), 21^ 2068). 

1 - Oxy - suberane - carboxylic acid, subery I- glycolic acid, C7H12 
(0H)C02H + JH2O, melts anhydrously at 79°. From suberone 
with HCN and IICl ; also from a-bromo-suberane-carboxylic acid 
with baryta water (B. 31 , 2505). With PbOg it may be oxidised 
again completely to suberone (B. 31 , 2507). With concentrated HCl 
or PCI5 it passes into chloro-suberanic acid, m.p. 43° (A. 211 , 117 ; 
B. 31 , 2004). 

a-Amido-suberane-carboxyiic acid C7Hi2(NH2)COOH, m.p. (an- 
hy(h*ous) 3 o6°-307° (B. 39 , 1730). 

1-Oxy-suberane-acetic acid, cycloheptanol - acetic acid 
; the esters of this acid (methyl, b.p.12 141^-145®; 

ethyl, b.p.ii 134°) are obtained from suberone and brom-acetic esters 
with Zn or Mg. On heating with potassium bisulphate, the esters 
split off H2O and pass into esters of Suberylene - acetic acid 
C6Hi 2> C=CHCOOH, b.p.i7 159°, which, on distillation at atmo- 
spheric pressure, decomposes into COo and methylene-cycloheptane 
C6 Hi2>C=CH2 (H. 314 , 156 ; B. 35 , 2143). By transposition with 
halogen hydrides, oxy-suberane-acetic acid yields bromo- and iodo- 
suberane-acetic acid, m.p. 69'' and 81°, which by reduction pass into 
Suberane-acetic acid (C7Hi3)CH2COOH, b.p.jy 165°. Amide, m.p. 148® 
(A. 353 , 301). 

E. Octocarbocyclic Compounds. 

The doubly unsaturated hydrocarbons of cyclo-octane have lately 
attracted particular interest on account of their relations to rubber. 
Pseudo-pelletierin, the alkaloid closely related to tropin and tropinone, 
also contains the eight-member carbon ring. It forms the basis for 
the majority of the compounds here to be described. 

Cyclo-octane '"P’ “’5°’ 146“-I48’. 

D4 0 849, has been obtained by reduction of ^-cyclo-octadiene with 
Ni and H. 

A*-5-Cyclo-octadlene chIIchISiS!' '^•P‘« 39°. D, 0 - 884 . 

generated together with small quantities of an isomeric, bicyclic 
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hydrocarbon during distillation of the quaternary ammonium base 
obtained by thorough methylation of N-methyl-granatanin, a reduction 
product of pseudo-pelletierin {q,v.) (cp. the analogous preparation of 
cycloheptadiene from tropane). The cyclo-octadiene is a mobile oil 
of penetrating odour, the vapour of which is poisonous. It polymerises 
with extraordinary facility even in the cold, and explosively on heating. 
This produces a dicyclo-octadiene (CgHi2)2. ni-P- and a polycyclo- 
octadiene (C^Hi2)x» an amorphous mass with a m.p. above 300°. Ozone 
transforms the cyclo-octadiene into a di-ozonide which, with 

water, decomposes with formation of succinic diddehyde. With 
HBr it combines to form a dihydrobromide CyHj4Br2, b.p.jj 150°, 
from which, by the action of caustic potash or quinolin, a jS-Cyclo- 
oetadienei b.p. 143°, is obtained, which is isomeric with the original 
compound. It has an agreeable odour and shows no tendency to 
polymerisation (B. 40, 957). 

According to Harries, Para rubber is a polymerisation product of 
_ , rCHs.C CHa— CH,— CH 1 

l, 5-Dimethyl- '^-cyclo-octadiene 11 II • It 

L CH— CH,— CHj— C.CH 3 J* 

is probably, therefore, also the intermediate product in the poly- 
merisation of isoprene (Vol. I.), which has lately acquired technical 
importance (B. 38, 3985). 

As from suberinic acid we obtain suberone, so by distillation of cal- 
cium azelainate we obtain Azelaone, cyclo-octanone CH ' 

but only in small quantities. It is an oil with an odour closely 
resembling suberane, b.p. 1950-197®, m.p. 25^-26®. Semicarbazone, 

m. p. 85®. On oxidation with Mn04K the ketone yields cork acid. 
By reduction vith Na and alcohol it passes into the corresponding 

alcohol called Azelaol ch’IS -CH -Ch°^’ '’•P' 

obtained by the action of nitrous acid upon suberyl-methylamine 

(B. 31, 1957 ; C. 1899, II. 182 ; A. 353, 328). 

Tricyclo-octane-, dimethyl-, and diphenyl-tricyclo-octane are sup- 
posed to be represented by the hydrov^arbons derived from the diolefin- 
carboxylic acids (vinyl-acrylic acid, sorbinic acid, and cinnamenyl- 
acrylic acid) on heating with baryta water, polymerisation, and 
rejection of CO2 (B. 40, I46), These formula are, however, not yet 
sufliciently well established. 

F. Nonocarbocyclic Compounds. 

Compounds with a ring of nine carbon atoms have only been 
obtained quite recently. But the physical data indicate that these 
substances are not yet obtainable in a state of purity. 

Cyelononanone 95°-97% D 4 **-* 

o 8665, is obtained in minute quantities on distilling sebazinic acid 
with slaked lime. Semicarbazone, m.p. 105®. Na reduces it to: 

Cyclononanol ^ P ” 97 °-io 5°. which, 

through the corresponding iodide, can be transformed into : 

Cyclononane b.p. i70°-i72‘’, 0-7733, 

the fundamental hydrocarbon of tihis series (B. 40, 3277, 3876). 
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II.-HEXACARBOCYCLIC COMPOUNDS 


The chemistry of hexacarbocyclic compounds is incomparably 
greater and more richly developed than the chemistry of the ring 
systems dealt with in the preceding chapter. Hexacarbocyclic 
compounds may be divided into three classes : 

A. Mononuclear aromatic substances, or benzene derivatives. 

6. Mononuclear hydro-aromatic substances. This class contains 
the terpene group and the camphor group. 

C. Polynuclear aromatic substances. The fundamental hydro- 
carbons of this group contain (a) several benzene nuclei connected 
direct or by aliphatic hydrocarbon residues ; or (6) two or more nuclei 
are so combined with one another that two carbon atoms are common 
to each (twin nuclei, condensed nuclei). 


(a) 


(b) 


Diphenvl-methane 


C,H. 

Diphenyl 

C0H3CH, CeH.CH 


I 

CeH.CH, 

Dibenzyl 


C.HjCH 

Stilbene 


/CH 


C.H. 


C^H^/CHC.H. 

Triphenyl-methane 

C.H,C 

III 

C.HjC 

Tolane 


/ 


CH, 


C..H, 


C.H.\„/C,H4 
C.Hj/ ^C,H, 
Tetraphenyl-methane 


Indene 


Fluorene Naphthalin Anthracene, etc 


With each of these hydrocarbons numerous derivatives of all 
kinds may be associated, thus forming an unlimited field. Many of 
these bodies, especially naphthalin and its derivatives, give rise to 
hydro-compounds. These are, however, not dealt with as a separate 
fourth class, but always in connection with the unhydrogenated 
derivatives of the hydrocarbons in question. 

Mononuclear Aromatic Substances or Benzene Derivatives. 

By the name ** aromatic " compounds we designate substances 
which are mostly obtained from aromatic oils and resins, and which 
differ in general from the fatty bodies or methane derivatives by 
various peculiarities, especially a greater content of carbon and a 
well-marked “ aromatic '' odour. Our theoretical conceptions con- 
cerning the constitution of these compounds are mainly derived from 
the benzene theory formulated in 1865 by Kekule. It may be 
summarised in the following theses (cp. Kekul6, Lehrbuch der org, 
Chemie, ii. 493 ; A. 137 , 129) : 

1. “ All aromatic compounds are derived from a nucleus consisting 
of six carbon atoms, the simplest combination of which is benzene 
CgHg. They are produced by the replacement of the H atoms by 
other atoms or groups of atoms (side groups). They all show the 
specific benzene characteristics, contrasting with the methane 
derivatives, and should be called ‘ benzene derivatives.* ** 

2. “ Benzene has a symmetrical constitution. Each carbon atom 
is joined to an H atom to form a carbon group CH. As in the case of the 
polymethylene derivatives, no differences can be traced between the 
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several C or H atoms, and isomerisms of derivatives are therefore 
only found in the case of two or more side groups/' 

3. “ The structure of the benzene nucleus resembles the methane 
derivatives in that the six atoms, or CH group, are alternately bound 
by single and double links, thus making a closed ring-formed chain of 
six carbon atoms, according to the scheme ; 


C— c — c— c — c=c or 
i I 


\ / 

c=c 

\ 

— c c— 

'V 

c— c 

/ \ 


which can also be expressed by a regular hexagon. The fourth valence 
of the carbon atoms is attached in benzene to an H atom, and in its 
derivatives to other atomic groups." 

Historical. — The first to invent a structural formula for an aromatic 
compound was Archibald Scott Couper, who in 1858, in his work on 
salicylic acid (C.R. 46 , 1107), represented it by the formula: 


iC 


i.c 

H 

(C 

H 

\C 

0 


{ 0 =* 8 ) 


In 1861 J. Loschmidt published a pamphlet called Chemische 
Stuaitn (Wien, Gerold), with new graphic formulae for 360 substances, 
among them being 180 aromatic compounds. Loschmidt charac- 
terisejj the aromatic acids as substances w'ith incomplete nuclei, having 
ixicoinplctenesses in eight places. The simplest of these nuclei is 
C5' ^ for which he brings the six carbon atoms close together : 



(Scheme 181 of Loschmidt) 


thus obtaining a formula as contained in Couper’s salicylic acid 
formula. He figures the C atoms by means of circles touching where 
there is single binding, and intersecting where there is plural binding. 
He prefers, however, a " stratification " of the six C atoms to their 



Allyl 

(Scheme 68). 



Benzol nucleus 
(Scheme 182). 


" condensation," and imagines the nucleus as a double allyl nucleus 
(scheme 182). For allyl, Loschmidt had considered the trimethylene 
formula (scheme 68). Loschmidt, however, left the question of 
nuclear constitution in suspense, his constructions being independent 
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of it. He says : “ We assume for the nucleus the symbol 184 ’’ 
— a larger circle — “ and treat it as if it were a hexavalent element.” 

Loschmidt then gives graphic formulae for many benzene deriva- 
tives, some of which are given here : 


o a o 


C,vi (184). 


C.H, (186). 


C.H,OH (185). 


C.H,CH3 (197). 


Of these, 185 represents phenol, and 197 toluol. 

Loschmidt had therefore already formed the first thesis of Kekule's 
benzene theory. He says nothing about the equivalence of the six 
benzene H atoms. It was, in fact, excluded on the assumption that the 
benzene molecule consisted of two stratified allyl rings, since in scheme 
182 the free valencies are unequally distributed, as shown by the 
points of scheme i8r. Kekul6, on the other hand, places the structure 
of the nucleus into the foreground, and derives from it the equivalence 
of the six H atoms and the explanation of the isomerism of the substi- 
tution products. 

J General Survey of the Benzene Derivatives. 

The benzene derivatives can be derived from the replacement of 
the H atoms of benzene in the same manner as the aliphatic substances 
are derived from methane. Benzene derivatives with side chains 
containing carbon may be built up from benzene and brought back 
to benzene by eliminating the side chains. Benzene derivatives differ 
from methane derivatives in the stability of the benzene nucleus. 
Thus oxidation usually stops short at the benzene nucleus, and so 
does reduction in general, leading finally, as a rule, to cyclohexane 
derivatives or hexahydro-benzene derivatives, without any splitting 
of the benzene ring. Reduction therefore connects benzene deriva- 
tives with cyclohexane derivatives (p. 2). 

Those benzene derivatives which are solid at ordinary temperatures 
are often distinguished for their ease of cry stallisation, and this is a 
great aid to their experimental investigation. 

The H of benzene is easily replaced by the halogens and the 
groups nit^o NO2 and sulpho SO3H : 

Chloro-benzene • . QHjCl QH^Cl, CeH3Cl3 CtCl, 

Nitro-benzene . . CeHgNO, CgH4(NO,), CeH3(NO,)3 

lienzenesulphonic acid CeHgSOaH CeH4(SQ|H), CeH3(S03H)3 


According as to whether one, two, three, or more H atoms of benzene 
are replaced, we distinguish mono-, di-, tri-, tetra-, penta-, or hexa- 
derivatives of benzene. 

Specially characteristic for the benzene derivatives is the formation 
of nitro-bodies through the direct action of HNO3, whereas the aliphatic 
bodies are generally oxidised or decomposed by it. 

Reduction of the nitro-bodies produces the amido-compounds : 

Amido-benzene (aniline) C^H^NH, CeH4(NH2)3 C4H3(NH,)3. 
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As intermediate products of reduction, we have the so-called azo- 
compounds, while the action of nitrous acid upon amido-compounds 
produces the diazo-compounds ; both classes of bodies are only excep- 
tionally present in the aliphatic series (Vol. I.). 

On replacing the H in benzene by hydroxyl we obtain the phenols, 
comparable to the alcohols : 

C.HjOH CgH^tOH), C«Hs(0H)3 

Phenol (carbolic acid) Dioxy-benzol Trioxy-benzol. 

Like the tertiary alcohols, the phenols contain the group C.OH 
linked to three C valences, and they cannot therefore form any corre- 
sponding aldehydes, ketones, or acids by oxidation. 

The benzene nucleus weakens the basic properties of the amido- 
group and imparts acid properties to phenyl-hydroxyl. It possesses 
a more negative character than the residues of aliphatic hydrocarbons. 

By the entry of monovalent paraffin, olefin, and acetylene residues, 
the so-called homologous benzene hydrocarbons are derived, both 
saturated and unsaturated : 

CeHg CgHfiCHj CgH4(CHi).j CgHfiCH^.CHj CJIfiC,!!:, etc. 

Benzene Methyl-benzene Dimethyl-benzene Ethyl- benzene Pi op>i- benzene 
(toluene) (xvlene) 

CeHgCH = CHa CgHsCiCH. etc. 

Vinyl-benzene (styrene) Phenylacetylene 

In these hydrocarbons the benzene nucleus preserves the specific 
properties of benzene. Its hydrogen is easily replaced by halogens 
and by the groups NO^ and SO3H. But the side chains behave ]ust 
like the hydrocarbons of the fatty series ; its hydrogen can be replaced 
by halogens, but not (through action of concentrated HNO3 or H2SO4) 
by the groups NOg or SO3H, According as to whether the halogens 
(or other groups) enter into the benzene residue or into the side chains, 
we obtain different isomers : 

Chloro-toluol CgH^Cl.CHj Benzyl chloride CjHj.CHiCl 

Dichloro- toluol CiHsCl^ CHs Chloro-benzyl chloride C,H4C1.CH,C1 

Benzal chloride CeHjCHCl,. 

The halogen atoms in the benzene residue are firmly held, and usually 
incapable of a double substitution, while the halogen atoms in the 
side chains act just as in the methane derivatives. 

If in the side chains H is replaced by hydroxyl, we get the true 
alcohols of the benzene series : 

C,H,.CH.OH C,H..CH,.CH,OH 

Benzyl-alcohol Phenyl-ethyl-alcohol Tolyl-alcohol 

the primary ones of which form aldehydes and acids by oxidation : 

C,H,.CHO C4H,.CH,.CH0 

nCHO 

Benzaldehyde Phenyl-acetaldehyde Tolyl-aldehyde. 

The acids in which COOH is joined to the benzene nucleus may 
also be produced by direct introduction of carboxyl into the benzene, 
or by oxidation of the homolo^es of benzene ; 
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C,H,.CO,H C,H4(C0,H), C,H3(CO,H)g 

Benzol-carboxylic acid Benzol-dicarboxylic acid Benzol-tricarboxylic acid 

^•«‘<c5h C.H..CH..CO.H 

Toluylic acid Phenyl-acetic acid Mesitylenic acid. 

In these acids, as well as the alcohols and aldehydes, the H of the 
benzene residue is also replaceable by halogens and by the groups 
NO*, SO3H, OH, etc. 

In the above discussion benzene was regarded as the foundation. 
The various benzene derivatives with aliphatic side chains were all 
regarded as benzene substitution products. It is obvious that this 
view may be reversed. Then the benzene derivatives with a single 
side chain appear, e.g. as phenyl substitution products of the aliphatic 
substances, as exemplified by the following terminology : 

CeHjCH* Phenyl-methane CeHgCHgCHaOH Phenyl-ethyl -alcohol 

CeH 5 CCl 3 Phenyl-chloroform CeHjCHjCHO Phenyl-acetaldchyde 

CgHjCRjOH Phenyl-methyl-alcohol CeHjCHjCOOH Phenyl-acetic acid 

CgHjCOOH Phenyl-formic acid C^HjCHjCHjCOaH Phenyl-propionic acid. 

Isomerism of the Benzene Derivatives. 

Proof of the equivalence of the six H atoms of Benzene. — If in benzene 
one H atom is replaced by another atom or atomic group, any compound 
so obtained is only found in one modification ; there is but one chloro- 
benzene, one nitro-benzene, one amido-benzene, one toluol, one benzoic 
acid ; so the compounds 

CeH^Cl CeH,.NO* CeH^.NH* CeH5CH3 CeH^.COoH* etc. 

are only known in one modification. The six H atoms of benzene 
are equivalent, like the four H atoms of methane (Vol. I.). Benzene 
has a symmetrical structure. 

Historical. — The proof of the equivalence of the six hydrogen atoms 
of benzene was given in 1869 simultaneously and independently by 
W. Korner and A. Ladenburg (B. 2 , 274, 1869 ; 7 , 1684 ; 8, 1666). 

I. Both investigators used the transformation of the three monoxy- 
benzoic acids into the same phenol, in order to prove the equivalence 
of the three positions taken by the carboxyl in benzene. 

According to Korner, it follows from the reduction of the three 
monochloro-benzoic acids with Na amalgam to the same benzoic acid. 

The equivalence of a fourth H atom follows, according to Laden- 
burg, from the transformation of phenol into bromo-benzol, and from 
this into benzoic acid. Ladenburg's proof of the equivalence of four 
H atoms of benzene may therefore be represented as follows : 



a 

b 

c 

d 

e 

f 


C. 

(OH) 

H 

H 

H 

H 

H 

, > Phenol 

C. 

Br 

H 

H 

H 

H 

H 

Bromo-benzol 

C. 

(CO.H) 

H 

H 

H 

H 

H 

Benzoic acid 

C, 

(CO.H) 

OH 

H 

H 

H 

H 

1 Ortho-oxy-benzoic acid | ^ 

C. 

(CO.H) 

H 

OH 

H 

H 

H 

Meta-oxy-benzoic acid 1 

C. 

(CO.H) 

H 

H 

OH 

H 

H 

1 Para-oxy-beozoic acid — ^ 


Korner deduced the equivalence of the fourth H atom with the 
three H atoms replaced by carboxyl in the three monoxy- and the 
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three monochloro-benzoic acids from the following facts : — Para-oxy- 
benzoic acid corresponds to para-nitraniline (Arppe), which is con- 
vertible into either paranitro-chloro- or paranitro-bromo-benzene. 

Paranitro-chloro-benzene, by replacement of the nitro-group by 
Br, gives the same parabromo-chloro-benzene as is obtained on sub- 
stituting Cl for the nitro-group in paranitro-bromo-benzene. Hence 
the two H atoms which are replaced in para-nitraniline by the nitro- 
and amido-group respectively, are equivalent, as are also the H atoms re- 
placed by hydrox}'! and carbox}^ respecti\'ely in para-oxy-benzoic acid. 
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This proves the equivalence of four H atoms of benzene. 

2 . Each M'drogen atom of benzene has two pairs of H atoms 
arranged symmetrically with respect to it, i.c. so that the replacement 
of either of the two H atoms of a pair by the same atom or the same 
atomic group leads to the same compound. 

Komer proves this s\nmmetry as follows for two H atoms. The 
volatile nitro-phenol which is convertible into pyrocatechin, and there- 
fore belongs to the same scries as salicylic acid, may, by replacing two 
H atoms by one Br atom and one nitro-group respectively, be converted 
into the same bromo-nitro-ortho-nitro-phenol as is obtained by intro- 
ducing two nitro-groups into ortho-bromo-phcnol : 


a b c d e f 

C, OH NO, H H H H — ^ 

C, OH Br H H H * 

b=f. 


a b c d e f 

OH NO 2 H NO, H Br 


It is therefore clear that in phenol there are two H atoms sym- 
metrical to hydroxyl, and that it is immaterial which of them is repre- 
sented by bromine, and which by a nitro-group. But if this symmetry 
is established for one pair of H atoms, it is also established for the 
second pair, since the symmetry of the first pair is unthinkable without 
the svmmetry of the second pair. Hence follows the equivalence of 
all the H atoms of benzene. 

The symmetrical arrangement of two H-atom pairs in benzene can 
also be proved as follows. For one pair, b and /, this thesis follows 
from the formation of the same ortho-amido-benzoic acid out of two 
different nitro-bromo-benzoic acids, obtained by the nitration of meta- 
bromo-benzoic acid (Hiibner and Petermann, A. 149, 129 ; 222, in ; 
Ladenburg, B. 2, 140 ) : 
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Hence ab =af. 


• The designations v and as are dealt with below in connection with the 
th-derivatives. 
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For the second pair the proof is furnished by the formation of 
the same meta-bromo-toluol from two bromine compounds (Wro- 
blewsky, A. 192 , 213 ; 234 , 154), in which bromine replaces two 
different H atoms, which therefore are symmetrical with the H atom 
replaced by the methyl group of toluol : ac=ae. 
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By oxidation this bromo-toluol passes into the same meta-bromo- 
benzoic acid which above served as a basis for the proportion of v- 
and as-meta-brom-ortho-nitro-benzoic acid. Hence it follows that 
bromine in the last proof replaces two H atoms other than those re- 
placed by the amido-group in ortho-amido-benzoic acid, and that in 
benzene there are not one but two pairs of H atoms in symmetrical 
position with respect to an H atom. This establishes the equivalence 
of the six pairs of H atoms. (See also Ladenburg, B. 10 , 1218.) 

For the second pair of H atoms the proof of symmetry may be given 
as follows. The ortho-amido-benzoic acid obtained in two ways (see 
above) may be converted into the same oxy-benzoic acid, viz. salicylic 
acid, which ( n nitrogenation gives two different mononitro->alic3dic 
acids. By heating the ethyl ethers of these two nitro-salicylic acids 
with ammonia the ethoxyl groups can be replaced by the amido- 
groups, and, from the nitro-amido-benzoic amides, the free nitro- 
amido-benzoic acids may be obtained, which with nitrous acid and 
alcohol are converted into the same nitro-benzoic acid. Since this 
nitro-benzoic acid, obtained from two different nitro-salicylic acids, 
\ields a (ineta) amido-bcnzoic acid different from the amido-benzoic 
acid from which the salicylic acid w^as obtained, and since it yields a 
(meta) oxy-benzoic acid different from salicylic acid, it follow^s that 
there are tw'o further H atoms symmetrically placed with respect to 
the H atom replaced by the COOH group : 
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For the third oxy-benzoic acid, para-oxy-benzoic acid, only one 
position therefore remains, viz. the para position, which in benzene 
is only possible once. 

The equivalence of the six H atoms has lately been proved by 
Noelting in a very simple manner (B. 37 , 1027). 

In amido-benzol or aniline the amido-group is easily replaced by 
bromine, and the latter by the CH3 group with the aid of methyl iodide 
VOL. IL D 
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and sodium. In the toluol thus produced the methyl group therefore 
takes up the same position as the amido-group does in aniline. From 
the toluol we obtain by nitrogenation three isomeric nitro-toluols, 
and from these by reduction three toluidins, which by acetylation, 
oxidation, and the elimination of the acetyl group can be transformed 
into three different amido-benzoic acids. These all yield, by rejection 
of CO2, an amido-benzol identical with the initial product, which 
proves the equivalence of four H atoms : 
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The proof of the second thesis (that one H atom has two other H 
atoms placed symmetrically to it) is based upon one of the nitro- 
toluols just referred to, in which the CHj group takes up position a. 
This, on reduction, ydelds a toluidin from which, by nitrogenation of 
its acetyl compound and saponification, four isomeric nitro-toluidins 
are obtained. By elimination of the amido-group these yield four 
nitro-toluols. Now, it is found that of these two are identical with 
each other and two with the initial nitro-toluol, which proves the 
symmetrical position of two pairs of H atoms ; 
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ab==af ac=ae. 


The ^ix H atoms of benzene are therefore equivalent, and, since there 
are two pairs of symmetrically placed H atoms to each single H atom, 
a di-substitution product of benzene can only occur in three isomeric 
modifications. 

Prinxiples of Location for Benzene Substitution Products. 

The equivalence of the six H atoms in benz«ie is expressed by the 
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hexagon diagram, in which the mutual linking of the C atoms may for 
the present be disregarded. It is obvious that of each bi-derivative 
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C0H4X2 obtained by replacement of two H atoms three modifications 
are possible and that their isomerism depends upon the relative 
position of the two new groups entering the benzene scheme. This 
is called isomerism of position or geometrical isomerism (Vol. I. p. 32). 
And in fact three modifications are known of most di-derivatives, but 
not more than three. Thus there are three 




Dioxy-benzols Bromo-nitro-benzols Diami do-benzols 


C TT / 


C.H.. 


/CH3 

‘\CH, 


* *\CHa 


• ‘\NO, 

Nitro-phenols 
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Oxy-benzoic acids Dimethyl-benzols Toluylic acids Phthalic acids, etc. 


The three modifications of each of these compounds can be con- 
verted into the corresponding modifications of the others. If, therefore, 
we have determined the relative positions of the replacing atoms or 
atomic groups in the three modifications of one of these bodies, it is 
known for all the others, and they can be converted into the three 
modifications of the first body by straightforward reactions free from 
intramolecular atomic displacements. The relative positions of re- 
placing groups have been determined in the case of several di- 
substitution products, e.g. the three dibromo-benzols, the three 
diamido-benzols, and the three phthalic acids. In this way a 
basis has been obtained for arranging the other di-substitution 
products in three series, designated as ortho-, mcta-, and para-stii^s 
respectively. 

In the or//io-compoundb two adjoining H atoms are replaced. If 
the six H atoms of benzene are indicated by numbers or letters, and 
any one of them by i or a, we see that there are two ortho-positions : 
a, h=a, /, or i, 2=1, 6 ; 6 or 2 and f or 6 are symmetrical to a or i. 
The we^-compounds are produced by replacement of the atoms a, c 
=a, e, or i, 3*=i, 5, the positions c (3) and e (5) being symmetrical 
to a (i). The />ara-compounds are produced by replacing the H atoms 
a, or I, 4. While, therefore, there are two equivalent places for the 
ortho- and wc^a-positions, viz. 2 and 6, 3 and 5 respectively, the para- 
position has only one location corresponding to i, viz. 4. 

The location of the replacing groups in the di-derivatives is indi- 
cated by prefixing ortho-, meta-, and para- to the compounds, abbreviated 
into 0, m, and p, or by prefixing the numbers [i, 2]-, [i, 3]-, [i, 4]- 
enclosed in square brackets. The formulae are often represented by 
writing the benzene ring as a hexagon and attaching the atoms or 
atomic groups to its corners. Or, again, by introducing the location 
figures between the benzene residue and the substitution groups ; 
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Among the principal representatives of the three isomeric series we 
may put the following : 



Ortho, [1,2] 

Meta, [1,3] 

Pan, [1.4] 

Salicylic acid 

Meta-oxy-benzoic acid 

Para-oxy-benzoic acid. 


Ortho-xylol 

Iso-xylol 

Para-xylol. 


Phthalic acid 

Isophthahc acid 

Terephthalic acid. 


Location of the Di-derivatives. 

The benzene hexagon indicates two chemically identical ortho- 
derivatives, two chemically identical meta-derivatives, and a single 
para-derivative, if we neglect the mutual linking of the six C atoms. 

The first to indicate a way of experimentally determining the 
location of the substituents in benzene multiple-substitution products 
was W. Komer. In 1867 he propounded the opinion that a trioxy- 
benzol, obtained from any of the three isomeric dioxy-benzols, must 
necessarily be a i, 3, 4-trioxy-benzol (Bull. Acad. Roy. Belg. 2, 24 , 
166). As the transformation of dioxy- into trioxy-benzols was attended 
with difficulties, Komer replaced the dioxy-benzols by dibromo- 
benzols, and for these he determined the absolute constitution, in 1874, 
by conversion into tribromo-benzols (Gazz. Chim. Hal. 4 , 305). Korner 
nitrated the three dibromo-benzols. One of them gave two mononitro- 
dibromo-benzols ; the second, three more ; and the last, one, all 
different. These six mononitro-dibromorbenzols were tiien reduced 
to the corresponding mono-amido-dibromo-benzols, and afterwards 
transformed into the three tribromo-benzols. Korner showed that in 
this last transformation the first dibromo-benzol yielded two different 
tribromo-benzols : the second, three different ones ; and the third, only 
one tribromo-benzol. Korner concluded that the first dibromo-benzol 
had the two Br in the (7r/A<7-position, the second in the w^/a-position, 
and the third one in the />ara-position. Thus the absolute position of 
the bromine atoms in the three tribromo-benzols was determined and 
the constitution of the six mononitro-benzols was cleared up. The 
following diagrams illustrate this arguiiient. For the sake of clearness, 
the H atoms have been omitted. 
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What may be called a reversal of this argument is found in 
the process experimentally realised by P. Griers (B. 5, 192 ; 
7 , 1223). 

There are six isomeric diamido-benzoic acids, and the diamido- 
benzol generated by the rejection of COg from two of these acids is the 
o-compound, that which is generated from three of the six acids is the 
w-compound, and that which is generated from the sixth acid is the 
/^-compound. 
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The constitution of benzene derivatives containing side chains is 
produced by transformation into benzol-carboxylic acids. For the 
three phthalic acids or benzol-dicarboxylic acids the constitution is 
determined by the following facts (B. 4 , loi) : 

The phthalic acid obtained by oxidation of naphthalin is the [i, 2]- 
or ortho-benzol-dicarboxylic acid. Naphthalin consists of two 
benzene nuclei having two C atoms in common in the ortho- 
positions. 

By oxidation of nitro-naphthalin we obtain nitro-o-phthalic acid, 
which can be converted into phthalic acid ; on oxidising the amido- 
naphthalin obtained by reduction of nitro-naphthalm, w*e obtain 
o-phthalic acid, the oxidation destroying, first the one, and then the 
other, side of the naphthalin molecule. This determines the constitu- 
tion of both the naphthalin and of phthalic acid as an o-dicarboxylic 
acid of benzene : 
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Phthalic acid. 


The so-called isophthalic acid is benzol - m - dicarboxylic acid, 
since it can be obtained by oxidation from isoxylol. Isoxylol 
is m-dimethyl-benzol, as shown by its formation from mesitylenic 
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acid, the first oxidation product of mesitylene, or [i, 3, 5]-tri- 
methyl-benzol : 
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The proof that mesitylene is really [i, 3, 5]-trimethyl-benzol is due 
to Ladenburg, who showed that the three unreplaced H atoms of 
mesitylene are equivalent (A. 179 , 174) : 


a b c 

, C,{CH.), HUH 

^ C,(CH,), NO, NO, H a b c 

J C,(CH,), NO, NH, H-> C,(CH,), NO, H H 
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The above scheme clearly illustrates the argument. Mesitylene gives 
dinitro-mesitylene, of which the NOg groups may replace the H atoms 
a and 6, and then in succession nitro-amido-, nitro-acetamido-, dinitro- 
acetamido-, dinitro-amido-, and dinitro-mesitylene, identical with the 
origin. Hence b and c are equivalent. The nitro-amido-mesitylene, in 
which we assume the NHg group at 6, yields mono-nitro-, mono-amido-, 
mono-acetamido-, mono-acetamido-nitro-, and mono-amido-nitro- 
mesitylene, identical with the first nitro-amido-mesitylene obtained by 
reduction of dinitro-mesitylene. Hence a and b or a and c are equi- 
valent ; but, since b and c are already proved to be equivalent, the 
equivalence of the three unreplaced H atoms of mesitylene is proved. 
Mesitylene is symmetrical; therefore its three methyl groups must 
occupy the positions [i, 3, 5]. 

For the third benzoMicarboxylic acid, terephthalic acid, only the 
i,4-position remains, as may be proved as follows : — Terephthalic acid 
is derived from p-dimethyl-benzol, and this again from p-bromo- 
toluol (through methyl iodide and Na). Now, p-bromo-toluol yields, 
by oxidation, p-bromo-benzoic acid ; p-bromo-benzoic acid and 
p-oxy-benzoic acid belong to the same series, for p-oxy -benzoic acid 
originates in the same p-amido-benzoic acid through the diazo-com- 
pound, through which p-bromo-benzoic acid may also be obtained. 
But of p-oxy-benzoic acid we have already proved that its hydroxyl 
group represents an H atom symmetrical to no other H atom of 
benzene. 

With the di-derivatives of benzene containing no carbon-bearing 
radicles as substituents, the three phthahc acids have a genetic relation. 
The three dinitro-benzols may be converted into nitro-amido-, bromo- 
nitro-, brom-amido-, and dibromo-benzols on the one hand, and into 
nitro-cyanic, nitro-carboxylic, amido-carboxylic, cyano-carboxylic. 
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and phthalic acids on the other hand, by reactions in which no intra- 
molecular atomic displacements are observed (B. 18 , 1492, 1496). 
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A further proof is furnished by the derivatives of the three isomeric 
xylols. We have 


from Metaxylol, 3 nitroxylols, xylidins, and xylenols 
from Orthoxylol, 2 nitroxylols, xylidins, and xylenols 
from Paraxylol, i nitroxylol. 

from which the following positions may be ascertained : 

[i, 3] mcta- or isoxylol and isophthalic acid 
[i, 2] orthoxylol and phthalic acid 
[1,4] paraxylol and terephthalic acid. 

(B. 18 , 2687 ) 

That in the ortho-compounds two neighbouring C atoms of the 
benzene nucleus hold the side groups, is shown by their capacity for 
simple reactions, in which a union of the side chains gives rise to 
carbo- and, especially, hetero-cyclic condensation products (o-pheny- 
lene-diamine, o-amido-phenol, o-amido-thiophenol, o-amido-benzalde- 
hyde, o-phthalic acid, o-oxy-cinnamic acid, etc.). There are also 
crystallographic reasons for supposing that the w^/i?-compounds stand 
between ortho^ and />afa-compounds (Zeitschr. f. KrysL, 1879, ^ 7 ^ I 
B. 18 , R, 148). 

The hexagon scheme of benzene, therefore, not only represents 
all the isomeric relations of benzene derivatives, but sheds light on 
their chemical and physical behaviour. 

Isomerism of the Benzene Poly-substitution Products. 

When three or more H atoms are replaced in benzene, three cases 
must be distinguished : — The substituents are equal or different. In 
the first case there are three possible isomers of the tri-derivatives, 
such as with the positions 

[i, 2, 3] [i, 2, 4] or [1. 3, 5]. 

They are termed 

adjoining [i, 2, 3] or v =vicinal 

unsymmetrical [i, 2, 4] or as=asymmetric 

symmetrical [i, 3, 5] or s =symmetric tri-derivatives. 

For the tetra-derivatives with four equal groups there are 

also three possible isomeric structures : 

[i, 2, 3. 4] [i. 2, 4. 5] [i, 2, 3. 5]. 
v s as 
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With five or six equal groups only one modification is possible ; there 
is but one pentachloro-benzol C^HCls, and only one hexachloro- 
benzol CgClg. 

If the substituent groups are unequal, the number of possible 
isomers is much greater ; it is easily derived from the hexagon scheme. 
Thus we have for the formula of dinitro-benzoic acid CeH3(N02)2C00H 
six isomers : 


[1,2,3] [1.2,4] [1.2,5] [1.2,6] [1,3,4] [1.3,5]. 

assigning position i to the carboxyl group. 

The constitution of the poly-substitution products of benzene is 
determined by their genetic relations to the di-substitution products 
of known str^icture. 

Constitution of the Benzene Nucleus. 

According to the benzene formula established by Kekul 4 in 1865, 
six C atoms are alternately simply and doubly linked into a closed 
chain. Tnis assumption gives a comprehensive picture of the whole 
behaviour of the benzene derivatives : 

1. It illustrates the synthetic formation of the benzene derivatives, 
the condensed benzols, naphthalin, phenanthrene, etc. : and is corro- 
borated by all recent s3’ntheses, such as that of a-naphthol from 
phenyl-isocrotonic acid, etc. (see also B. 24 , 3117). 

2. It agrees with the splitting reactions of the benzene nucleus. 

3. It explains, in a simple manner, how the ortho-derivatives — on 
account of the neighbouring position of two side groups — are capable 
of forming anhydrides and numerous derivatives founded upon an 
ortho-condensation. The benzene formula also results clearly from 
the ring formation of quinolin (A. 280 , i). 

4. The existence of three bivalent linkings explains in a simple 
manner, without new hypotheses, the faculty for forming addition 
products possessed by the benzene derivatives (p. 45). Such additions 
do not, indeed, lake place with the same ease as in the case of ethylene 
linkings, in the methane bodies ; but aliphatic olefin compounds also 
show gradual differences in powers of addition (see Allyl alcohol, 
Vol, I.). 

5. Several physical properties also indicate the existence, in benzene 
bodies, of double linkings similar to those found in ethylene derivatives. 
Thus, according to Briihl (B. 27 , 1065), the refractivities show that in 
benzene derivatives there are three ethylene linkings CH=CH (Vol. I.), 
but in naphthalin five. The specific volumes of the benzene bodies 
also seem to speak for the existence of three double linkings (Vol. I.). 

Kekul^’s benzene formula does not, however, completely express 
the symmetry of the benzene nucleus ; for it would indicate a differ- 
ence in the ortho-derivatives [i, 2] and [i, 6], and they would have 
to give rise to four di-derivatives each — unless we follow Kekul6 in 
assuming oscillations of neighbouring carbon atoms (A. 162 , 86 ; B. 6, 
463 ; A. 279 , 195). 

% Perhaps, during the formation of an ortho-derivative, a displace- 
ment of the double linkings occurs when the substituting groups 
approach two single-linked C atoms, so that what is formed is always 
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the di-derivative in which the substituent groups are attached to two 
doubly linked C atoms. This would explain the easier complete oxi- 
dation of the o-dcrivatives, in comparison with the corresponding m- 
and p-derivatives. 

It cannot be denied that the prediction of the existence of two 
modifications of an ortho-substitution product instead of one con- 
stitutes a weakness of Kekul^'s benzene formula. It must also be 
remarked that the many analogies between the ortho- and para- 
derivatives, in comparison with the meta-derivatives (see Quinone 
and Quinone derivatives), are not sufficiently expressed by this formula. 
Still, we give it preference, in comparison with other benzene formulae, 
because it gives a consistent view of the connection between aromatic 
and aliphatic compounds. 

Among other benzene schemes we may figure the diagonal scheme 
of Claus (A), the prismatic scheme of Ladenburg (Bj, Bg, B3), and the 
centric scheme of Armstrong and von Baeyer (C). 

C 

6 

Claus; Ladenburg Armstrong-Baeycr 

Diagonal sebeme Prismatic scheme Centric S( heme 

According to formulae A and B there are no double linkings in the 
benzene nucleus. The existence of nine univalent links was supposed 
to be proved by the specific volume of the benzene compounds, 
and especially by their heats of combustion (“ Theor\^ of Heats of 
Formation,'" b}’ J. Thomson, B. 13 , 1808 ; 19 , 2944). But, according 
to more recent investigations, the specific volumes rather indicate the 
existence of three double links in the benzene nucleus, and the 
conclusions derived from the heats of combustion do not appear to 
be irrefutable (Briihl, /. pr. Ch, 2, 49 , 201). 

The prismatic formula of Ladenburg accounts for all the static 
conditions of benzene," and illustrates the isomerisms of the benzene 
derivatives. But it denies all double linkages such as are proved to 
exist in the partly reduced nuclei of the di- and tetrahydro-addition 
products ; it gives a spatial arrangement, of the four affinities of the 
carbon atoms, having no analogy among the methane bodies; and, 
according to its author, "it yields priority to Kekul^'s scheme for 
all processes of formation and decomposition of benzene bodies" 
(B. 23 , 1010). 

Although Claus's diagonal formula is consistent with isomeric 
relations, and allows of any para- and ortho-additions (B. 20 , 1422 ; 
/. pr. Ch. 2, 49 , 505), it arranges the four C affinities without analog>% 
and assumes a peculiar central valency of a new kind. 

Baeyer' s new centric formula leaves the condition of the fourth C 
valency indefinite, simply assuming that it exerts a centrally directed 
pressure. In this way it returns to Kekul6's scheme, which does not 
profess to explain the linking of the fourth valency (B. 23 , 1272 ; 
24 , 2689 ; A. 269 , 145 ; B. 24 , R. 728). 
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Thiele has lately made a different attempt to explain the required 
symmetry of the benzene nucleus. He assiunes that, in ordinary 
double linkings, certain ‘'residual valencies'* remain, two of which 
mutually saturate each other when the double linkings adjoin. On 
assuming such a saturation of all the residual valencies of the three 
ethylene links, the six C atoms are seen to be linked by six “ inactive ** 
double links (A. 808 , 213 ; 811 , 194). 

Some constitutional formulae for benzene are based upon stereo- 
chemical considerations, such as Thomson's octahedral formula (B. 19 , 
2944), and especially the benzene model of Sachse (B. 21 , 2530 ; Z./. 
physik, Ch. 11, 214; 28 , 2062), as well as that of J. Loschmidt (Wien. 
Akad. Ber. 1890, vol. 99 , ii. p. 20). For later discussions of the 
various stereo-chemical formulae, see B. 85 , 526, 703 ; and C. 1902, 

II. 350. 

^Benzene Ring Formations. 

The nuclear synthesis reactions of aliphatic substances, in which 
benzene rings are formed, are important mainly as joining aliphatic 
and aromatic substances genetically. They will therefore be passed in 
re\ 4 ew, before dealing with the various classes of bodies, in the same 
succession as that in which the initial bodies were dealt with in the 
aliphatic series (Vol. I.). 

1. CH4, methane, conducted through an incandescent tube, gives 
benzene and other products. 

2. 3CH = CH, acetylene, polymerises at a red heat to benzene. 

за. 3CH = C.CH3, allylene, polymerises in SO4H2 to [1,3, 5]-^n- 
methyl-benzol or mesitylene. 

зб. 3CH3.C-C.CH3, crotonylene, polymerises to hexamethyl- 
benzol. 

4. CCI4, perchloro-methane, and CCl2=CCl2, perchloro-ethylene, on 
passing through an incandescent tube, give perchloro-benzol ; see also 
perhromo-henzoL 

5. 3CH~CBr, monobromo-acctylene, polymerises to [i, 3, 5]-^n- 
bromo-benzol. 

6. C6H13I, hexyl iodide, gives with Cl iodide hexachloro-benzol ; with 
bromine, hexabromo-benzol. 

7fl. (CH3)2C : CH.CH2.CH2C(CH3) :CH.CH 0 , geraniol or citral, gives 
with potassium bisulphate [i, ^yisopropyl-toluol or cymol. 

yb. CH3.CH2CH :C(CH3)CH iCH.COCHj, from methyl-ethyl-acrole'in 
and acetone, yields pseudo-cumol. 

yc. (C3H7).CH2CH : C(C3H7).CH : CH.CO.CH3, from 2 mol. isovaler- 
aldehyde and i mol. acetone, gives di-isopropyUtoluol (B. 28 , R. 608). 

8^. 3CH3COCH3, acetone, gives with SO4H3 [i, 3, ^ytrimethyUbenzol 
or mesitylene. 

86. 3CH3CO.CH2CHJ, methyl-cthyl-ketone, gives [i, 3, ^ytriethyl- 
benzol. 

Sc. 3CH3CO.CH2CH2CH3, methyl-n-propyl-ketone, gives [i, 3, 5]-^n- 
n-propyUbenzol. 

9. 6CO, carbon monoxide, combines with K on heating to potassium-- 
hexaoxy-benzol. 

10 . 3CH3CH2CH2COCI, butyryl chloride, is condensed by AI3CI3 
into triethyl-phoroglucin. 
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11. 3CH = C.C02H, propiolic acid, polymerises in sunlight to 
[i, 3, ^ybenzoUtricarboxylic acid or trimesinic acid. 

12. 3N02CH(CH0)2, nitro-malonic aldehyde, gives, on decomposi- 
tion of its Na salt, sym. trinitro-benzol. 

13. N02.CH(CH0)2, nitro-malonic aldehyde, and CH3COCH3, 
acetone, give p-nitro-phenol (B. 28 , 2597 ; C. 1899, II. 609). 

14. 3CH3.C0.CH=CH0H, oxymethylene-acetone or formyl-acetone, 
condenses easily to [i, 3, ^ytriacetyl-benzol C6H3(C0CH3)3. 

15a. 2CH3CO.CO.CH3, diacetyl, condenses with alkalies to p- 
xylo-quinone or [2, ^ydimethyUquinone. 

15&. 2CH3.CO.CO.CH2CH3, acetyl propionyl, gives duro-quinone or 
tetramethyUquinone. 

16. 3CH(0H)=CH.C02C2H5, oxymethylene-acetic ester or formyl- 
acetic ester, and their dimolecular condensation product, cumalinic 
acid, condense easily to esters of the [i, 3, ^ybenzoUtricarboxylic acid 
or trimesinic acid ; this is also obtained from a mixture of formic 
and chloracetic acids with zinc (C. 1898, II. 472). 

17. 4CH3COCO2H, pyro-traubenic acid, condenses on heating with 
NaHO with rejection of oxalic acid and water to methyl-dihydro- 
trimesinic acid, which passes easily into uvitinic acid with rejection 
of COg. 

18. 2CHOCH2CH2COOH, j 3 -formyl-propionic acid, gives ierephthalic 
acid or p-benzoUdicarhoxylic acid. 

19. 2CH3C0.CHNa.C02C2H5, sodium-acetic ester, and CHCI3, 
chloroform, combine to oxy-uvitinic ester or oxymethyl-isot>hthalic ester, 

also obtained direct from methenyl-bisacetic ester CH^ 

N C(CO,C2rl5)COCri3 

with Na alcoholate. 

20. 2ROCOCH : CH.CH2COOR, glutaconic acid ester, unites under 
the action of sodium ethylat^*, with rejection of one molecule of alcohol, 
and acetic ester to form ^-oxy-iso-phihalic acid ester (B. 37 , 2117). 

CHgC . C H.CO .CH CQCH3 jehydracetic acid, yields orcin or 3,5- 

dioxy-toliiol. 

22. 2CH3.CO.CH2.CO.CO2C2H5, acetone-oxalic ester, is condensed 
to oxv-toluvUc acid ester. 

23a. CH3.CH2CH : C(CH3).CH : C(COOR)2. from methyl - ethyl - 
acrolein and malonic ester, 3nelds with Na alcoholate oxv-mesitylenic acid. 

236. (CH3)2 : CH.CH2.CH2.C(CH3) :CH.CH : C(COOR)2, citralidene- 
malonic ester, yields 3-isoamenyU^-methyUsalicylic acid. 

It is doubtful whether in the formation of mellithic acid or benzol- 
hexacarboxylic acid Ct,(C02H)6 by the oxidation of charcoal or graphite 
a synthesis occurs ; perhaps this reaction must be regarded as the 
transformation of a molecule consisting of tweh e C atoms. 

On again surveying the reactions by which aliphatic bodies are 
converted into benzene bodies by nuclear synthesis, we find that : 

(1) Some saturated compounds, like methane and tetrachloro- 
methane, yield the benzene ring by the action of heat (pyro-con- 
densation). Many benzene derivatives, like benzene and the methyl- 
benzols, simple amido- and oxy-benzols, are distinguished for their 
stability at high temperatures (see Coal-tar). 

(2) During chlorination of many aliphatic compounds the occur- 
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rence of perchloro-benzol was observed. Hexyl iodide is transformed 
particularly easily into perchloro- and perbromo-benzol. 

(3) A large number of aliphatic acetylene compounds containing 
a triply linked pair of C atoms, yield benzene derivatives by polymerisa- 
tion of three similar molecules. A difficult polymerisation is that of 
acetylene to benzene. Brom-acetylene is much more easily poly- 
merised. Allylene and crotonylene require sulphuric acid, propiolic 
acid, sunlight for aromatic polymerisation. 

The other aliphatic compounds above referred to, which may 
condense themselves to aromatic substances (aromatic condensation), 
contain carbon and ox^^gen in double linking. Many are ketones, 
or they contain the oxy-methylene group. 

(4) A direct addition reaction is exemplified by the manner in which 
potassium hexa-oxy-benzol is formed from CO and K. 

(5) Hydrolytic condensation is exemplified by the simple ring 
formation in the transition of citral or geranial and other high-mole- 
cular keto-olefins into cymol, pscudo-cumol, and di-isopropyl-toluol, 
as well as the condensation of di-hydro-acetic acid to orcin, with 
liberation of CO2. 

(6) The condensation of acetone, methyl-ethyl- and methyl-n- 
propyl-ketone to [1,3, s'-tri -alkyl -benzols is paralleled by condensation 
of but\T}d chloride to tri-ethyl-phloroglucin, with a triple rejection of 
HCl ; also by the condensation of two molecules j 3 -formyl-propionic 
acid to terephthalic acid, with rejection of water and hydrogen. 

(7) These condensations are related to the condensations of nitro- 
malonic-acid aldehyde, and the oxy-methylene compounds (12 to 16). 
Also to 

(8) The condensation of the a-diketones to quinones ; 

(9) Of acetone-oxalic acid to oxy-toluylic acid ; and 

(10) The condensation of chloroform and sodium-acetic ester to 
oxy-uvitinic-acid ester, in which methenyl-bis-acetic ester can be 
assumed as an intermediate product. 

(ii) The formation of homologous salicylic acids from alkenyli- 
dene-malonic esters with Na alcoholatc is based upon an intramolecular 
aceto-acetic ester condensation. 

There is also a peculiar condensation of pyruvic acid to methyl- 
dihydro tiimesinic or uvitinic acid, in which oxalic acid is first split 
off. 

These benzene formations are associated with several reactions 
leading to hydro-aromatic compounds having a close relation to 
benzene derivatives. We may mention the following : 

I. Sodium-malonic ester condenses to phloroglucin-dicarboxylic 
ester, formed from acetone-dicarboxylic ester and malonic ester 
{B. 29 , R. 1 1 17). Sodium-acetonic-dicarboxylic ester condenses to 
dioxy-phenyl-dicarboxylic ester (B. 81 , 2014 ; C. 1897, II. 741). 
All these condensation products are probably derivatives of hexa- 
hydro-benzol. 

% Cp. also the condensations of sodium-acetone-dicarboxylic ester 
with iodine to hydroquinonc-tetracarboxylic ester (B. 30 , 2569), with 
eth-oxy-methylene, aceto-acetic, and cth-oxy-methylene-malonic ester 
to oxy-trimesinic ester, and resorcin-tricarboxylic ester, respectively 
(C. 1899, II 1018, 1020). 
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2. Succinic acid ester condenses with sodium to succinylo-succinic 
acid ester. 

3. I, 5 -diketo-compounds, which contain, in the terminal place, 
besides a CO group, a CH3 or CH2R group, condense to cyclic aldols, 
of the hexamethylene series, which easily pass into keto-tetra-hydro- 
benzene derivatives. Methylene-bis-aceto-acetic ester, a, y-diacetyl- 
glutaric ester, thus gives methyl-keto-tetramethylene-dicarboxylic 
ester. Similarly, with sodium ethylate, the y-acetyl-butyric ester 
CHgCO.CHg.CHg.CHg.COOCgHg yields dihydro-resorcin, which can, 
by a reversed process, pass into y-acetyl-butyric acid by splitting 
(cp. benzol ring splitting). 

Some otln . methods of synthesising hydro-aromatic compounds 
were mentioned on pp. 4 and 5. 

Benzene Ring Splittings. 

As already mentioned, the benzene derivatives are in general 
distinguished by the tenacity of the benzene ring. In order to split 
the benzene ring, suitable benzene derivatives are treated with reagents 
which, partly or wholly, dissolve the double links of the nucleus. 
The splitting is therefore always preceded by the formation of hydro- 
aromatic intermediate products, which, as a rule, could not be isolated. 
Sometimes we obtain split products containing the six nuclear C 
atoms in the molecule as an open chain, in some cases pentacarbocychc 
compounds from hexacarbocyclic a-diketones. 

Ring splittings were found most easily practicable in the case of 
phenols, amido-phenols, quinones, oxy-quinones, and phenol-carboxylic 
acids. 

I. Splitting by feeble oxidation. — While strong oxidisers convert 
the benzene nucleus into CU2, formic acid, and oxalic acid, ozone 
is capable of producing a straightforward, and extremely clear, 
splitting of benzene. By addition of three molecules of ozone to the 
three double links of the benzene nucleus, we get, first, ozobenzol, or 
benzol-triozonide CgH^Og, which is decomposed by water into three 
molecules of glyoxal (Harries) : 

0-0 

/ x! 

CH O 

/X/ 

0-_CH CH 

°<<Uh iH " 

Vd 

This splitting furnishes one of the strongest supports for Kekul6*s 
benzene formula. The homologous benzene hydrocarbons behave 
similarly. 

Pyro-catechin or [i, 2]-dioxy-benzol Cf5H4[i,2](OH)2 and proto- 
catechuic acid or [3, 4]-(iioxy-benzoic acid C02H[i]CeH3[3,4](0H)2 
are oxidised to dioxy-tartaric acid (Kekule). 


ocn 

\ 

OCH CHO 
1 + 3H,0, 

OCH CHO 

/ 

OCH 
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Hydroquinone or [i, 4]-dioxy-benzol, and the quinone easily 
generated from this, are split up by silver peroxide into maleinic 
acid and COj (R. Kempf) : 


COH 

CO 

COOH 


/\ 

/ 

HC CH 

HC CH 

HC 

II 1 

HC HC 

“> II II 

HC CH 

— ► II + 2 CO, 

HC 

\ 

\/ 

\ 

COH 

CO 

COOH 


Phenol CgHiiOH has been transformed by potassium permanganate 
solution into meso-tartaric acid (Dobner). Probably in this case also 
quinone is formed in the first instance, and then maleinic acid, which 
with Mn04K passes into meso-tartaric acid (see Vol. I.). 

By oxidation of o-nitro-p-cresol with fuming sulphuric acid we 
obtain jS-acetyl-acrylic acid (Schultz and Low) : 

C— CHg COCH, 

/\ / 

HC CH HC 

II i > II 

HC C NO, HC 

\ ^ 

C— OH COOH 


2. Splitting by simultaneous chlorination and oxidation.— Benzene 
treated with potassium chlorate and sulphuric acid passes first into 
chlorinated quinone and then into trichloro-pheno-malic acid and 
jS-trichlor-acetyl-acrylic acid (see Vol. I.), which with baryta water 
decomposes into chloroform and maleic acid (Kekul6 and Strecker) : 


CH 

HC CH 

'' i ■ 

HC <iH 

Benzene 


CO 


HC CH 
jl li 
HC CCl 
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CO 
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CO,H 
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HC CCl, 
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CO,H 
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HC 
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Monochloro- Trichloro-pheno-malic acid Maleic add. 
quinone /3-Tnchlor-acetyl-acryhc 
acid 


From phenol, sahcylic acid, or ortho-oxy-benzoic acid COOH[i]C,H, 
[2]0H, and from gallic acid COOH[i3CeH2[2, 3, 4](OH)3, we obtain, 
by treatment with potassium chromate and HCl, iso-trichloro-glycerinic 
acid CCl3C(OH)2COOH (see Vol. I.). 

Picric acid or [i, OH, 2, 4, 6]-trinitro-phenol, treated with bleaching 
powder, yields chloro-picrin (Vol. I.) ; with bromine, and lime water, 
bromo-picrin. 

Specially illuminating are the methods of benzene splitting worked 
out by Zincke. They consist in the formation of chlorinated R- 
hexene and R-hexylene-ketones, from suitable aromatic compounds, 
and the splitting of the former. 

We shall give, in what follows, four examples, the first three of 
which start from the three dioxy-benzols, and the fourth from [i, 3, 5]- 
trioxy-benzol, or phloroglucin. 
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(i) Pyro-catechin or o-dioxy-benzol, treated with chlorine, passes 
into tetrachlor-ortho-quinone, and then into hexachlor-o-diketo-R- 
hexene. By merely heating in water the latter is converted into 
hexachloro-R-pentene-oxy-carboxylic acid, which may be oxidised by 
means of chromic acid to hexachloro-keto-R-pentene. With caustic 
soda the hexachloro-R-pentene-ketone splits to form perchloro-vinyl- 
acrylic acid, which, on reduction, yields ethylidene-propionic acid 
(B. 27, 3364) : 
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pentene-oxy- 
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(2) The splitting up of hydroquinone is simpler. By the action of 
chlorine upon hydroquinone, or quinone, as well as of potassium chlorate 
and HCl upon phenol, we can easily obtain tetrachloro-para-quinone 
(chloranile), and from this, by chlorination, hexachloro-para-diketo- 
R-hexene, which, with alcoholic potash, is broken up to perchlor-acroyl- 
acrylic acid. The latter, as well as hexachloro-para-diketo-R-hexcne 
itself, are decomposed by aqueous soda into dichloro-maleic acid and 
trichlor-ethylene (A. 267, i) : 
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Tetrachlopo Hexachloro- Perchlor-acroyl- Dichloro- 
p-quinone p-diketo* acrylic acid maleic acid 

R-hexene 


CCl, 

-f I* 
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Trichlor- 

ethylene. 


(3) From resorcin, with chlorine and glacial acetic acid, we obtain 
pentachloro-resorcin, and, from the latter, heptachloro-resorcin. 
Both m-diketo-chlorides split up in cold water alone. The penta- 
chloro-compound becomes dichloro-acetjd-trichloro-crotonic acid, and 
the heptachloro-compound becomes, with chlorine and water, trichloro- 
acetyl-pentachloro-butyric acid. The dichloro-acetyl-trichloro-crotonic 
acid, boiled in water, yields dichloro-methyl-chloro-vinyl-o-diketone. 
The trichloro-acetyl-pentachloro-butyric acid, treated with alkalies, 
splits into chloroform and pentachloro-glutaric acid, as does trichloro- 
acetyl-acrylic acid. But on treating it with boiling water it passes 
into tetrachloro-diketo-R-pentene, which, with chlorine, is trans- 
formed into perchloro-acety 1-acrylic chloride. The chloride, ^th water , 
yields the acid itself, which again, on treatment with alkalies, decom- 
poses into chloroform and dichloro-maleic acid : 
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CO,H CO,H 


/ \ / / 

CCl, CCl, CCl, CCI3 CCi, 

I L I -^1 +CHCI3 

CHCl CO CIICl CO CHCl COoH 

\ ' \ / \ 

CCl, CCl, CCl, 

Hcpta- Trichloro-acetyl- Pentachloro- Chloro- 
chloro- pentachloro- glutaric acid form, 
resorcin butyric acid 


CO — CCI, COCl CCI 3 COoH CCIt COJI 

' i J I I ‘ I ! “ 

CCl to ->CC1 CO ->CC1 ('0-4J11 CO 2 H f-HCCla 

CCl CCl CCl CCl 

Tetrachloro- Perchloro- Perchloro- Dichloro- Chloro- 
diketo- acetyl-acrylic acetyl -acrylic maleic form. 

R-pentene chloride acid acid 


(4) The behaviour of resorcin closely resembles that of phloroglucin 
or [i, 3, 5]“trioxy-benzol, as this passes with chlorine into hexachloro- 
[i, 3, 5]-triketo-R-hexene. The tnketone, treated with chlorine and 
water, decomposes into octochloro-acetone, and, treated with methyl 
alcohol, into dichloro-malonic-dimethyl ester and sym. tetrachloro- 
acetone ; and, treated with ammonia, into three molecules dichloro- 
acetamide (B. 23 , 1701)) : 

C(OH) CO CO, 

/ ' -f 

COjCHa cri,n CH CH CCl, CCI, CCI3 CCI3 

1 I :i I — ► I — ► I ' 

CCl, 4 - CO C(OH) C( 0 H) CO CO CO CO CONH, 

\ / \ / 3 | 

CC 4 CCI, CHCl, 

Hexachloro- Octochloro- Dichloro- 
[i, 3, 3]-triketo- acetyl-acetone, acetamide. 
R-hexylene 

' ► 

2CH3OH 3NH8 

In the four examples the splitting takes place between a CO group 
and a CCl 2 group of keto-chlorides. These reactions were first 
developed by Zincke in the naphthalin series, and used for splitting 
up one of the naphthalin nuclei and for the transformation of naphthalin 
derivatives into indent* derivatives. Later he extended the process to 
the above-mentioned phenols and other aromatic compounds. In a 
similar manner Hantzsch carried out the splitting up of phenol with 


I I ^ ^ 

cOjCHj (!:ci,h CH 

Dichloro- sym. Tetra- Phloro- 
malonic chloro-acetone glucin 
ester 
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chlorine in alkaline solution, and its transformation into cyclopentene 
derivatives (B. 22 , 1238). 

3. Splitting up by reduction in alkaline solution. — This splitting 
occurs in 

(i) The o-phenol-carboxylic acids during reduction with Na in amyl 
alcohol. As intermediate products of the reduction we may assume 
tetrahydro-acids and their transposition products — hydro-aromatic-o- 
ketone-carboxylic acids. The latter take up water and change into 
pimelinic acids ; salicylic acid yields almost quantitatively n-pimelinic 
acid ; while o-, m-, and p-cresotinic acids yield the three isomeric 
methyl-pimelinic acids (Einhorn and Willstatter, B. 28 , R. 744) : 


COOH 

1 

COOH 

1 

c 

/ V 

C 

/ 

CH C.OH 

CH 2 COH 

II 1 — 

CH CH 

--^1 1 

CHo CH, 

\ 

^ / 

CH 

CH, 


COOH COOH 

in (!h, 

CH, CO CHj COOH 

CH, in, (Ih, 

CH, CH, 


This reaction has been transferred with equal success to the naph- 
thalin-o-oxy carboxylic acids (see Naphthalin-nng splittings). 

(2) Resorcin gives, on reduction, dihydro-resorcin, which, during 
oxidation with potassium permanganate, yields n-glutaric acid (Merling, 
A. 278 , 32) ; heating for several hours with concentrated baryta solution 
to 150^-160® splits up dihydro-resorcin to y-acetyl-butyric acid with 
addition of HgO (Vorlander, B. 28 , 2348) : 


C(OH) 

CO 

CO 

/ 

/ 

/ ' 

CH CH 

CH, CH, 

CH, CH. 

II J 

CH C(OH) 

CH, CO 

— 1 

CH, COOH 

\ 

\ / 

\ ^ 

CH 

CH, 

CH, 


This reaction is reversible. 


1, The Single-Nucleus Benzene Hydrocarbons. 

Benzene, phene, benzol, m.p.-)-5.4®, b.p. 80.4°, is the funda- 
mental hydrocarbon of the aromatic substances. It is generated in 
the dry distillation of coal, and is therefore found in coal-tar, accom- 
panied by a body most closely resembling it in physical properties, 
viz. thiophene {q.v.) C4H4S, and numerous other compounds. Pure 
benzene is formed by heating benzoic acid or benzol-polycarboxylic 
acids with lime. Synthetically, benzene may be produced from acet\'- 
lene by heating to high temperatures (Berthelot, 1870). 

Benzene is produced from coal-tar by fractionation, and is separated 
from thiophene (^.t».) by repeated shaking up with a little concentrated 
sulphuric acid, treatment with aluminium chloride, or heating with 
sulphur chloride, formaldehyde, or phthalic anhydride (B. 29 . R. 1000, 

VOL. II. r 
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1152 ; C. IQ02, II. 737 ; 1909, II. 666). Finally it is purified by 
squeezing off, after being ciy^stallised in a freezing mixture. 

Historical (B. 23, 1271). — Benzene was discovered by Faraday in 
1825, in compressed illuminating gas prepared from oil. It was 
obtained in 1834 by Mitscherlich by distillation of benzoic acid 
with quicklime, and was discovered by A. W. Hofmann in 1845 
in coal-tar. 

Properties. — Benzene is a mobile liquid of an odour resembling 
ether, Dq 0*899, Dgo 0*8799. It burns with a luminous flame, mixes 
with absolute alcohol and ether, and dissolves resins and fats very easily, 
also many hydrocarbons capable of crystallisation with crystal benzene 
(see Triphen3'l-methane). Sulphur, iodine, and phosphorus are also 
soluble in benzene. 

Behaviour and Transformations. — (i) On conducting benzene 
through an incandescent tube it is partly changed into diphenyl 
CgHg.CgHfi, and into diphenyl benzols C6H4(CaH5)2, and decomposes 
partly into acetylene. (2) On oxidising benzene with Mn peroxide 
and H2SO4 some benzoic acid is formed, obviously due to some diphenyl 
formed intermediately (A. 221, 234), also some o-phthalic acid ; but 
benzene is very stable against oxidisers. By silver peroxide in the 
presence of HNO3, or by manganic sulphate, it is oxidised to quinone 
(q.v.) (B. 88, 3963 ; C. 1908, I. 74). Benzene is split up by treatment 
with CIO3K and H2SO4, passing into trichloro-pheno-malic acid and 
) 3 -trichlor-acetyl-acrylic acid. On passing ozone through benzene 
for some time, a white amorphous mass is obtained, the so-called 
ozobenzol, a very explosive substance, of the formula C3H4O9, decom- 
posed slowly by water with formation of glyoxal (B. 87, 3431). (3) By 
heating with HI to 260 “-zSo'" benzene is mostly isomerised into 
methyl-pentamethylene ; but benzene and hydrogen combine to 
hexahydro-benzol, on passing over finely divided nickel at i8o°-200° 
(C. 1901, I. 817). (4) Chlorine and bromine act upon benzene both 
by addition and by substitution. (5) HNO3 transforms it into 
nitro-benzol C4H5NO2 ; and (6) H2SO4 into benzol-sulpho-acid 
CgH^SOgH. The last two compounds are prepared industrially on 
a large scale. With the help of AlgClg and halogen alkyls, alkyl 
residues may be introduced into benzene. (7) With aldehydes, 
benzene is condensed by H2SO4 to higher aromatic hydrocarbons 
(see Diphenyl-methane and ethane). 

Coal-Tar. 

Dry distillation of coal also gives rise to many alkyl-benzols, 
and some higher condensed aromatic bodies like naphthalin C,oH 

R» 

acenaphthene CjjHjo, fluorene CijHjo, anthracene and phenanthrene 
C14HJ0, fluoranthene CigH^o, pyrene CigHjo, and chrysene CjgHij. 
They are contained in the “coal-tar" obtained in great quantities 
in gas-works and coke-ovens. Besides illuminating gas and tar, 
ammonia water is formed, while coke remains in the retorts, forming 
a fuel richer in carbon than coal itself. 

For the rapid and brilliant development of aromatic chemistry it 
has been of the greatest utility that the fundamental aromatic sub- 
stances have been n^ade available to chemical investigation, in any 
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desired quantity, by the industry concerned. For, while the paraffins 
were unsuitable bases for the building up of aliphatic substances, the 
aromatic hydrocarbons, with their faculty for the most varied reactions, 
form not only the systematic but also the practical foundation for 
the chemistry of aromatic substances. Coal-tar, which contains these 
hydrocarbons, is the inexhaustible source for preparing numberless 
aromatic compounds, many of which have been most widely used as 
dyes, perfumes, and medicines. 

Working of Coal-Tar for Aromatic Hydrocarbons. — Coal-tar, which, 
besides the aromatic hydrocarbons, contains aliphatic bodies, thiophene 
and its methylated derivatives, phenols, pyridin bases, and other 
compounds, is first distilled into three or four fractions : 

1. Light oil (3 to 5 per cent.), lighter than water, boils at 150®. 

2. Middle oil (8 to 10 per cent.), about the density of water, boils at 

I50®-2I0°. 

3. Heavy oil (8 to 10 per cent.), heavier than water, boils at 
210^-270°. 

4. Green oil, or anthracene oil (16 to 20 per cent.), of a green colour, 
boils at 270^-400 ®. 

5. Residue. — Pitch (about 60 per cent.). 

For the benzene compounds only light oil is in question, which is 
freed from resins, olefins, pyridin bases, etc., by washing with sulphuric 
acid, and then from phenols by washing with caustic soda. It is then 
subjected to a careful fractional distillation. 

Besides benzene, the following benzene hydrocarbons occur in coal- 
tar : — Toluol or methyl-benzol, the three isomeric xylols or dimethyl- 
benzols ; ethyl-benzol, vin} 1-benzol or styrol ; the three isomeric tri- 
methyl-benzols ; mesitylene, pseudo-cumol, hemi-mellithol, n-propyl- 
benzol, the three isomeric toluols, and durol or tetramethyl-benzol. 
Aromatic hydrocarbons are also found freely in lignite tar, to some 
extent in wood-tar oil, in slate-tar oil, and in rock-paraffin oil. 

The bulk of the benzene and toluol of to-day is obtained from the 
coke-oven gases, which contain about 42 grammes per cubic metre, 
by treating the gases with coal-tar fractionings, of higher boiling- 
points, in spraying towers. 

The winning of aromatic bodies by dry distillation should be con- 
sidered in connection with their formation by pyrogenic synthesis or 
pyro-condensation, by conducting aliphatic bodies through incandescent 
tubes. In dry distillation the retort walls take the place of the tubes 
(cp. B. 29, 2691 ; 10, 853 ; 20, 660). 

Alkyl-Benzols 

The first place among the formation processes of alkyl-benzols 
must be given to the reactions of nuclear synthesis (Vol. I.). 

I. It has been repeatedly mentioned that various symmetrical 
trialkyl-benzols are formed by polymerisation of alkyl-acetylenes in 
the presence of sulphuric acid, just as benzene is produced by the 
polymerisation of acetylene. 

Allylene sCHj.CsCH C,H3[i,3,5]{CH,)„ mesitylene. For 

the alkyl-acetylenes we may substitute ketones, acetone, ethyl-methyl- 
ketone, and treat them with sulphuric acid. 
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2. Much more general is the reaction discovered in 1864 by Fittig : 
action of Na upon a mixture of brominated benzene hydrocarbons in 
ether solution, with alkyl-bromides, and iodides (A. 129 , 369 ; 181 , 303 ; 
B. 21 , 3185) : 

C^HjBr -f CHal +2Na=:CeH4CH3 +NaI -f NaBr 
CaH^Br.CjHj +C,H J +2Na=C,H4<(^*^* +NaI +NaBr. 

This reaction is a very valuable generalisation of Wiirtz’s synthesis 
of the paraffins, by the action of sodium upon halogen alkyls (Vol. I.). 
A few drops of acetic ester promote the reaction, which is the 
smoother, the higher the molecular weight of the alkyl iodide. 

3. The synthesis of tctramethyl-methane from acetone chloride, 
and zinc methyl (Vol. I.), corresponds to the synthesis of iso-propyl- 
benzol out of benzal chloride and zinc methyl (B. 13 , 45), and of one 
amyl-benzol out of benzal chloride and zinc ethyl : 

C,H5CHCl,-fZn(C,H,)2=CeH5CH(C2H5)2+ZnCI*. 

4. Essentially limited to aromatic compounds, but in these 
of very general utility, is the so-called aluminium chloride synthesis 
discovered by Friedel and Crafts in 1877, consisting in the action 
of alkyl-haloids upon benzene hydrocarbons in the presence of A 1 
chloride. 

In some cases the olefins react in the presence of HCl in a manner 
similar to the alkyl-haloids (C. 1907, II. 366). 

Similar action is shown by zinc chloride, and especially iron 
chloride (cp. Nencki, B. 32 , 2414). The A 1 chloride can sometimes be 
replaced by a mixture of sublimate and A 1 filings (see B. 35 , 868). 
Here it is probable that the alkyl-haloids first form organic compounds, 
which then act upon the hydrocarbons (C. 1900, I. 756 ; B. 33 , 815). 
In some cases intermediate products have been isolated. The 
reaction between benzene, ethyl chloride, and A 1 chloride seems to 
traverse the following phases ; 

2C,H, -f 3C,H,C1 + A1,C1,= Al,Cl,.C,H3(C,H,),.C,I 
A1,CI,.C,H3(C,U,)3.C,H, -4-3C,H,a= Al3Cl,[C.H3(C,H,)3],HCl + 2HCI. 


This reaction product on heating decomposes into triethyl-benzol, 
HCl, and the compound Al2Cl6.C6H3(C2H5)3, which under the action of 
HCl can convert a fresh molecule of benzene into triethyl-benzol, so 
that one may alkylise a large quantity of benzene with very little A 1 
chloride. Water decomposes the compound Al2Cl3.CeH3(C2H5)3 in 
A1(0H)2, HCl, and triethyl-benzol (/. pr, Ch. 2, 72 , 57). There is no 
difficulty about replacing all the H atoms of benzene by methyl and 
ethyl groups (B. 14 , 2624 ; 16 , 1745). Sometimes CS, acts favourably 
as a dSuent (A. 235 , 207 ; cp. B. 29 , 2884) : 

CH,C 1 +C,H, HCl+QHsCH, 

2 CH,C 1 +C.H, 2HCl+CeH4(CH,), 

6 CH,C 1 +C,H, 6 HC 1 +C,{CH,),. 
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Similar reactions with the benzene hydrocarbons are shown by 
very different halogen compounds, like chloroform, and the acid 
chlorides. Ethyl ether also acts, in the presence of AIjCIq, upon 
benzene hydrocarbons with formation of poly-ethylated benzols (C. 
1899, II. 755). 

Disintegration reactions. — 5. Curiously enough, A 1 chloride is as 
suitable for disintegrating the alkyl-benzols as it is for synthesising 
them. Under suitable conditions it is possible to detach, by means 
of A 1 chloride, the side chains from one molecule of a hydrocarbon, 
and introduce it into another molecule of the same hydrocarbon. In 
this process, certain positions of the alkyl groups are preferred, both 
in s5mthesis and in disintegration, as shown by the following scheme 
of reactions (Anschutz and Immendorf, B. 18 , 657) : 


. 4]{CH,), . . C.H,[x, 3, 4 , 6](CH,)* ^ 

CjH.CH, ^ ^ 3, 4](CH,). Q ^ 


4 ^ 

C.H. 






i C,H,[x, 3, 4 , 5](CH,)* ' 


' 3. 5](CH,), - 


t C,H(CH.), 

I 

C,(CH,).. 


In the case of butyl- and amyl-benzols an isomerisation of the alkyl 
radicles is easily effected by A 1 chloride (C. i8gg, 1 . 776). 

If bromine is made to act upon poly-alkylated benzols, in the 
presence of A 1 bromide, the longest side chain is split off, with bromina- 
tion of the resultant products (C. 1899, L 32). 

6. Concentrated sulphuric acid acts similarly, both for synthesis and 
for disintegration. 

7. Dry distillation of a mixture of aromatic acids, with lime or 
soda-lime, iron filings being added to promote heat-conduction. In 
this case all carboxyls aie split off and the fundamental hydrocarbons 
are formed : 


Benzoic acid . CgHgCOgH ► CO2+CeH0 Benzol 

Toluylic acid CH3CeH4C02H ► C02+CeH5CH3 Toluol 

Phthalic acid . C6H4(C02H)2 ► zCOg+CgHe Benzol. 

8, 9, and 10. Replacement of inorganic residues in substitution products 
by hydrogen : 

8. Treatment of diazo-compounds with alcohol and alkaline stannous 
oxide solution (B. 22 , 587). This reaction is particularly important 
for solving questions of constitution. The diazo-compounds are 
obtained from amido-compounds, and the latter from nitro-compounds, 
produced by the action of HNO3 upon hydrocarbons. 

9. Treatment of sulpho-acids with superheated steam, and sulphuric 
acid, concentrated HCl, or phosphoric acid, at 180®. 

10. Heating of oxygen-containing derivatives, phenols, and ketones, 
with zinc dust (Baeyer, A. 140 , 295) or HI and phosphorus. It is 
notable that in this reaction benzo-phenone CeHg.CO.CgHg is easily 
reduced, but diphenyl-ether CeHj.O.CeHg not at all. A special facility 
is shown in the reduction of the ketones, on passing vapours, with 
hydrogen, over finely divided nickel at 190^-195® (C. 1905, I. 29). 

11. Many alkyl-benzols, like propyl- and isopropyl-benzols, are best 
produced by reduction of the corresponding olefin-benzols, like 



54 


ORGANIC CHEMISTRY 


C.H^CH : CHCH3 and CeH5C(CH3) : CH^ with Na and alcohol (B. 86, 
621, 1628, 1632 ; 87 , 1721). 

Properties. — The benzene hydrocarbons are mostly volatile liquids, 
though some polymethyl-benzols (durol, penta- and hexamethyl- 
benzol, also hexa-ethyl-benzol) are solid at ordinary temperatures. 
They possess a peculiar, and not unpleasant, odour, and are insoluble 
in water, though soluble in alcohol and ether. They are themselves 
good solvents for many organic compounds, which may be precipitated 
from them by means of petrol ether. 

Behaviour and Transformations. — i. With reducing agents, especi- 
ally when the vapours are conducted with hydrogen over finely divided 
nickel, the alkyl-benzols and benzene itself pass into hydro-cyclic 
hydrocarbons. HI produces a transposition of the six-membered into 
an isomeric five-membered hydrocarbon. 

2. Of great importance is the behaviour of alkyl-benzols in oxida- 
tion. Dilute nitric acid, chromic acid mixture, potassium perman- 
ganate, or ferricyanide convert the side chains of the benzene homo- 
logues into COOH groups. The number of COOH groups produced, 
and their mutual positions, give information concerning the number 
and position of the alcohol radicles in the oxidised benzene carbo- 
hydrates. By careful oxidation, especially with Mn04K, intermediate 
products may be obtained, when the side chains are long, the oxidation 
taking place according to the same rules as in the fatty bodies (cp. 
aromatic carboxylic acids). 

3. Chlorine and bromine, when cold, replace H atoms of the benzene 
nucleus, and on heating they replace the H atoms of the side chain 
(see Toluol). 

4. Concentrated nitric acid yields nitro-compounds. 

5. Concentrated sulphunc acid decomposes alkyl-benzols to sulpho- 
acids on heating, and, from these, the hydrocarbons can be formed 
again (by method 9). A process for separating out, and purifying, the 
benzols has been based upon this. 

6. Under the action of ozone the alkyl-benzols, and benzene itself, 
yield explosive triozonides, which aie decomposed by water, with forma- 
tion of aliphatic aldehydes (A. 843 , 369). 

7. With chromyl chloride CrOgClg the homologous benzols yield 
compounds, from which water forms aromatic aldehydes, and ketones 
iq.v.). 

8. On heating toluol or xylols with sulphur, stilbene C^HjCH : 
CHC5H5 is formed, or methylated stilbene, and further transformation 
products (C. 1903, I. 502). 

Isomerism. — Of the first member of the series, toluol, the theory 
only allows of one modification, and this is the only one found. The 
six H atoms of benzene are equivalent. 

Of xylol or dimethyl-benzol three isomers are possible, as it is a 
di-substitution product : 

.-Xylol „.XylolC.H.{[;P^ p-Xylol C.H.{[;g5. 

With these three known xylols ethyl-benzol C6H5C2H5 is isomeric. 

Of bodies with the formula Cj^Hij, eight isomers are possible, and 
these are all known : (i) three trimethyl-benzols ; (2) three ethyl- 
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methyl-benzols ; (3) two propyl-benzols : n-propyl- and isopropyl- 
benzol. 

The isomerisms are therefore determined by the position, number, 
homology, and isomerism of the alkyls entering the benzene in replace- 
ment of hydrogen. 

Constitution. — Of the syntheses of the alkyl-benzols, Fittig’s reaction 
(see above) is especially valuable, as regards conclusions respecting 
constitution, since, as far as we know, no intramolecular atomic dis- 
placements occur in it, the alkyls taking the places vacated by the 
halogen atom. Oxidation also helps in deciding about the number and 
position of the side chains. 

The following table shows the most important alkyl-benzols : 


Name. 

Formula. 

M.p. 

Bp. 

Density. 

Toluol 

Xylols, Dimethyl-benzols 

C.H.CH, 

C,H,(C H3), 

•• 

1 10 3"" 

08708 (13-1/4°) 

o-Xylol . 

.... 

-2S» 

142^^ 

0-8932 (0°) 

m-Xylol, Isozylol 

.... 

“ 5-1 ■' 

139° 

o-88i2 (0®) 

p-Xylol . 

. 

^ 15 “ 

138=^ 

o-88oi (0®) 

Ethyl-benzol 

Trimethyl-benzols 

^'6^3(0113)3 


136° 

0*8832 (0®) 

[1,2,3] ==Hemimelhthol 

. 


175° 

• . 

[1,2,4] == Pseudo-curaol 

. 

. . 

170® 

. . 

[1.3.5]== Mesitylene • 
Methyl-ethyl-benzols . 

C,TI.{CH3)(C,IIJ 


i 64 - 5 ‘' 

0*8694 (9-8/4®) 

0- or [1,2]- 



159° 

0*8731 (16®) 

m- or [1,3]- 

. 


159° 

0*8690 (20®) 

p- or [1,4]- . 



162° 

0*8652 (21®) 

n- Propyl -benzol . 

CcHsCHXHjCHa ! 

1 

I * * 

15S 5 ° 

0*8810 (0°) 

Isopropyl -benzol. Cumol 
Tetramethyl- benzol 

C,H,CH(CHs), 

C«H,(CH3), 

! •• 

153° 

0-8798 (0°) 

[i,2,3,4] = Prehnitol • 


- 4° 

204® 

, , 

[i.2,3,5j = Isoclurol . 

.... 


196° 

0*8961 (0/4®) 

[i,2,4,5] = Durol 

Methy 1 -isopropy l-ben 20I s 

C.H,(CH3)LCH(CH3).i 


190® 

• • 

[1.2]- 

. . 

175“ 

0*8723 (0®) 

[1.3]- 

. 

. . 

175° 

0*8582 (18®) 

[i,4] = Cymol . 

. . • 

. . 

175° 

0*805 

Pentamethyl-benzol 

C„H(CH3), 

53 ° 

230“ 

. . 

Hexamethyl-benzol 


1 

264° 

. . 

Penta-ethyl-benzol 


1 

277“ 

0-8985 (19°) 

Hexa-ethyl-benzol 

Ce(C,H,), 

I 120'" 

( 298 ° 

• ‘ 


From this table it is seen that the position isomers of the same 
formula, e.g. the three xylols, have closely adjoining melting-points. 
In the dimethyl-benzols the o-compound boils at the highest tempera- 
ture. Then come the meta- and finally the para-compound ; but the 
p-compound has the highest melting-point. Of the tetramethyl- 
benzols, durol is solid at ordinairy temperatures, also the pentamethyl-, 
hexamethyl-, and hexa-ethyl-benzols. 

The entry of a methyl group produces in the methyl-benzols an 
elevation of the boiling-point by about 24° to 30® : cp. toluol, xylols, 
tri-, tetra-, penta-, and hexamethyl-benzols. Entry of CH3 into a 
side chain raises the boiling-point by about 24® : cp. toluol, ethyl- 
benzol, and n-propyl-benzol. 
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Toluol CeHaCH,, so called because it is obtained from the dry 
distillation of tolu balsam, is found in coal-tar in company with thio- 
tolene or methyl-thiophene (j.v.), and is very valuable industrially. It 
is formed according to the general methods : 

(1) From bromo-benzol, methyl iodide, and sodium ; 

(2) From benzene, methyl chloride, and A1 chloride ; 

(3) From the polymethyl-benzols and A1 chloride ; 

(4) From the three toluylic acids, and the methyl-polycarboxylic 
acids, by distillation with lime, etc. 

On reduction, toluol passes into hexahydro-toluol ; by oxidation with 
dilute HNO„ or chromic acid, into benzoic acid ; with chromyl chloride, 
CrOjCla, and water, or MnOa, ClaO,, and sulphuric acid, into benz- 
aldehyde. On nitration it gives o- and p-nitro-toluol ; on sulphur- 
ising it yields much p-toluol-sulphonic acid, besides a little o-acid. 

Chlorine has a remarkable action upon toluol. At boiling-point 
only the hydrogen of the side chain is replaced, and we get : 

Benzyl chloride CgHgCHaCl 
Benzal chloride CeHoCHCla 
Benzo-trichloride CgHjCCl,. 


In the cold, on the other hand, o- and p-chloro-toluol are generated, 
C,H4C1.CH3. In the presence of iodine and SbClg chlorine only enters 
the nucleus, even at boiling-point (Beilstein and Geitner, A. 139, 311). 
But a little PCla facilitates entry into the side chain (A. 272, 150). The 
same effect is produced by sunlight. 

Hydrocarbons CgHjo — Ethyl-benzol is isomeric with the three 
dimethyl-benzols. Of the three xylols occurring in coal-tar, iso- or m- 
xylol is most abundant and technically important 

During oxidation w'ith dilute HNO,, o- and p-xylol are oxidised to 
o-and p-toluylic acid, and the latter to o-and p-phthaUc acid respectively. 
Metaxylol is attacked with greater difficulty. Potassium permanganate 
also oxidises the three xylols to the corresponding toluylic acids, and 
finally to phthalic acids. HaSO* dissolves o- and m-xylol to xylol- 
sulphonic-acids (B. 10, 1013 ; 14, 2625). On distilling raw xylol with 
steam, p-xylol passes over ^rst. 

0“^ylw IS also formed from o-bromo-toluol, CH3I and sodium. 
Oxidised by Mn04K it passes into phthalic acid. Chromic acid burns 
it to CO2 and HgC), like many o-derivatives. 

ni"Xylol or iso*-xylol. — The production of m-xylol from mesitylenic 
acid, by heating with lime, is theoretically important. This reaction 
genetically connects m-xylol with mesitylene, in which the [1,3,51- 
position of the three methyl groups can be established. This proves 
the m-position for the toluyUc and phthalic acids generated by oxidation 
of m-xylol. 


C,] 


Mesitylene Mesitylenic acid Isoxylol m-Toluylic acid Isophthalic acid 


p-XyloI, by distillation of camphor with ZnCl,, also from p-bromo- 
toluol and p-dibromo-benzol, CH,I and Na (B. 10, 1355 ). On oxidation 
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with dilute HNO., it gives first p-toluylic acid, then terephthalic acid, 
and with CrOg terephthalic acid at once. In fuming sulphuric acid 
it decomposes, forming a well-crystallising sulpho-acid. 

Ethyl-benzol C^^HgCHgCHg also occurs in coal-tar (B. 24, 1955 ). 
Produced from bromo-benzol, ethyl bromide, and sodium ; or benzol, 
ethyl bromide, and A 1 chloride (B. 22, 2662) ; also by reduction of styrol 
C6H5CH=CH2. Dilute HNO3 and chromic acid oxidise it to benzoic 
acid. CrOgClg produces phenyl-acetaldehyde CgHg.CHg.CHO. 

Hydrocarbons C9H12 — The isomerism of the eight compounds of 
this formula has already been pointed out above. For physical 
constants see table. 

Mesitylene, symmetrical trimethyUhenzol, occurs in coal-tar, and in 
certain naphtha fractionals (C. igoi, I. 1002), and is prepared from 
acetone (Kane, 1837) or allylene with concentrated sulphuric acid (cp. 
B. 29, 958, 2884). The proof of its symmetrical structure is of funda- 
mental importance for the location of the benzene substitution products. 
With dilute HNO3, mesitylene passes into mesitylenic and mesidinic 
acids, or into uvitinic and trimesinic acids : 

r[i]CH 3 l^rriCO.H r[i]CO,H 

C«H3 [3]CH3 >CeH3 [3]CH3 ^C,uJ [3]CO,H [3jCO,H 

U5jCH 3 IfslCHg 1[5]CH3 U5JC0*H 

Mesitylene Mesitylenic acid Uvitinic acid Tnmesmic acid. 

Under the influence of ozone, mesitylene gives a triozonide, 
which is split by water with formation of methyl-glyoxai (A. 343 , 

370). 

Pseudo-cumol, [i, 3, ^ytrimeihyl-benzol, is also contained in coal-tar. 
It is separated from mesitylene by means of the le»s soluble sulpho- 
acid (B. 9, 258). Also formed from bromo-p-xylol, and 4-bromo-m- 
xjdol, which determines its constitution. 

Hemi-mellithol, [i,2,^ytrimethyl’-benzol, occurs in coal-tar (B. 42, 
3603) ; prepared from isodurylic acid CeH2(CH3)3COOH, and from 
2-bromo-m -xylol with CH3I and Na. 

The three ethyl-toluols have been obtained from the three bromo- 
toluols with ethyl halides and Na. All these isomers are found in 
coal-tar (B. 42, 3613). 

p-Ethyl-toluol, m.p. 162®, has been obtained from p-methyl-styrol 
and from p-cresyl-ketone by reduction (B. 28, 2648 ; 36 , 1637). 

n-Propyl-benzol, from bromo-benzol, n-propyl bromide or iodide 
and Na ; from benzyl chloride and zinc ethyl ; from benzene, n-propyl 
bromide, and AlgClg at —2° (B. 24, 768) ; and from propenyl-benzol 
CeHgCH : CHCH3 with Na and alcohol (B. 38 , 622). Also found in 
coal-tar. 

Isopropyl-benzol, cumol, C3H5CH(CH3)2, first obtained by distillation 
of cuminic acid (CH3)2CHCeH4COOH with lime. Synthetically from 
benzal chloride and Zn{CH3)2 ; and from benzene, isopropyl chloride 
or bromide, and A 1 chloride. Since heat transposes n-propyl bromide, 
with AI2CI3, into isopropyl bromide, the A 1 synthesis gives isopropyl- 
benzol even when n-propyl bromide is used, unless the process is 
conducted in the cold. Cumol is best prepared synthetically by the 
reduction of isopropenyl-benzol CeH3C{CH3) : CH2 with Na and alcohol 
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(B. 85, 2640). In the animal body cumol is oxidised to propyl-phenol 
(B. 17, 2551). 

In the hydrocarbons CjoHjj theory predicts 22 isomers: 


C-H.ICH.)- '•"■IS. 

3 isomers 6 isomers 3 isomers 


6 isomers 4 isomers. 


{a) Tetramethyl-benzols C6H2(CH3)4. — The three possible isomers 
are known : 

Durol^ [i, 2 4, 5]- or sym, ietramethyl-benzol, is found in coal-tar 
(B. 18, 3034). Prepared from 6-bromo-pseudo-cumol and 4, 6-dibromo- 
m-xylol with CH3I and Na ; from toluol and pseudo-cumol with CH3CI 
and A1 chloride (B. 85, 868) ; and from penta- and hexamethyl-benzol 
with AlgClg. On oxidation it passes into durylic acid and cumidinic 
acid, thus proving its constitution (B. 11, 31). Concentrated H2SO4 
converts durol into hexamethyl-benzol and the sulpho-acids of prehnitol, 
pseudo-cumol, and isoxylol, which can be separated by means of 
their amides. Similar behaviour is shown by pentamethyl and 
penta-ethyl-benzols. 

Isodurol, [i, 2, 3, 5]- or unsym, teiramethyl-benzol, from bromo- 
mesitylene, CH3I and Na (B. 27, 3441), which proves its constitution ; 
also from camphor and Zn chloride or iodide (B. 16, 2259). By oxida- 
tion it gives 3-isodurylic acid (B. 15, 1853), and finally, mellophanic 
acid. 

Prehnitol, [i, 2, 3, 4]- or v-tetramethyl-benzol, from 2-bromo-pseudo- 
cumol, and from 2, 4-dibromo-m-xylol, CH3I and Na (B. 21, 2821). 
Oxidised to prehnitylic acid CeH2{CH3)3COOH (B. 19, 1214), and 
prehnitic acid CeH2(COOH)4. 

(b) Dimetbyl-ethyl-benzols: [i, 2, 4], b.p. 189°, and [i, 3, 4], b.p. 184''; 
[i, 4, 3], b.p. 185°, from camphor with ZnCIa and iodine, and from the 
corresponding dimethyl-vinyl-benzols by reduction (B. 23, 988, 2349 » 
36, 1637); [1,3,5], b.p. 185°, from acetone and methyl-ethyl-ketone 
v^ath SO4H2 (B. 18, 666 ; 25, 1533). 

(c) Three diethyl-benzols oxidise first to ethyl-benzoic acids and 
th3n to phthalic acids. p-Diethyl-benzol, b.p. 183°, has also been 
obtained from p-ethyl-styrol by reduction (B. 36, 1633). 

(d) Methyl-n-propyl-benzols. — ^The most important is the p-com- 
pound, cymol. m-Methyl-isopropyl-benzol is found in light resin oil 
(A. 210, 10). Also generated on heating fenchone (q.v,) with phosphorus 
pentoxide (A. 275, 157). o-Methyl-isopropyl-benzol has been prepared 
from o-bromo-cumol with Na, and methyl iodide (B. 84, 1950). 

Cymol, [j, ^ymethyl-isopropyl-benzol (see Table, p. 55), found in 
Roman carraway oil from the seeds of Cuminum cyrntnum besides 
cuminaldehyde, in the oil from the seeds of Cicuta virosa, in thyme oil, 
eucalyptus oil, and many other etheric oils. Prepared from thymol, 
carvacrol, or camphor with PgS^ (B. 16, 791, 2259) or PjOj (A. 172, 
307) ; from turpentine oil, and other terpenes, with withdrawal of 
2H, by SO4H2 or iodine. We must note the formation of cymol on 
boiling cumin alcohol with zinc dust, and from citral. Synthetically, 
cymol is produced from p-brom-isopropy 1-benzol, CH3I and Na, which 
fixes its constitution (B. 24, 439, 970, 1362). C)anol has a pleasant 
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odour. The C3nnol-sulpho-salt of barium (CioHi3S03)2Ba+3H20, 
crystallising in shiny scales, is characteristic. 

By dilute HNO3, and chromic acid mixture, cymol is converted into 
paratoluylic acid and terephthalic acid ; but in the animal organism it 
is oxidised to cuminic acid, also on shaking up with NaHO and air. 
MnO^K yields p-oxy-isopropyl-benzoic acid (CH3)2C(OH)C3H4COOH. 
The action of concentrated HNO3 upon cymol, produces p-toly 1 -methyl- 
ketone (B. 19, 588 ; 20 , R. 373). 

(e) Butyl-benzols : n-Butyl-benzol, b.p. 180®. Isobutyl-benzol, 
b.p. 167°. Sec.-butyl-benzol, b.p. 174°, by reduction of sec.-butenyl- 
benzol C3H5C(CH3) : CHCH3 (C. 1900, I. 591 ; B. 35, 2642). Tert.- 
butyl-benzol, b.p. 167°. The latter is not attacked by bromine in 
sunlight, in the cold (B. 23, 2412 ; 27, 1610). 

Higher Homologues of Toluol. 

We may mention the following : 

Hydrocarbons — Pentamethyl - benzol and hexamethyl- 

benzol from toluol, xylol, mesitylene, CH3CI, and AlgCl^ (B. 20, 896). For 
behaviour with SO 4 H 2 see Durol. [1, 3, 5] -Diethyl-methyl-benzol, b.p. 
200°, from a mixture of acetone and methyl-ethyl-ketone, with sulphuric 
acid. [1, 2, 4, 5]-Trimethyl-ethyl-benzol, ethyl-^pseudo-cumol, b.p. 207° 
(B. 25, 1530 ; 36, 1641). Ethyl-mesitylene, b.p. 208° (B. 29, 2459 ; 
36, 1642). [l,3]'Methyl-tert.-butyl-benzol, b.p. i85°-i87°, occurs in 
resin essence, the distillation product of fir resin ; prepared from 
toluol, isobutyl bromide, and AlgClg. Its trinitro-derivative forms 
artificial musk (B. 27, 1606). The isomeric p-tert.-butyl-toluol, b.p. 
190°, is obtained from toluol and isobutyl alcohol with fuming sul- 
phuric acid (C. 1898, I. 450). Amyl-benzols, see C. 1899, I. 776 ; B. 
35, 2644. 

Hydrocarbons C1.2H18. — Hexamethyl-benzol, by polymerisation 
of crotonylene with SO4H2 ; by heating xylidin chloride with methyl 
alcohol to 300° ; also by analogy with durol. Insoluble in SO4H2, 
as it cannot form a sulpho-acid. Potassium permanganate oxidises 
it to benzol-hexacarboxylic acid C3(COOH)3, mellithic acid. p-Di-n- 
propyl-benzol, b.p. 219 ®, from p-dibromo-benzol, and p-n-Propyl- 
isopropyl-benzol, b.p. 212 ®, from cumyl chloride ClCH2.CeH4CH(CH3)2 
with Zn(C2H5)2. These bodies both yield n-propyl-benzoic acid, 
isomeric with cuminic acid, on oxidation with HNO3. Propyl- 
mesitylene, b.p. 221 ® (B. 29, 2459 ); Isobutyl-mesitylene, b.p. 228 ®; 
Iso-amyl-mesitylene, b.p. 241 ®, by reduction of the corresponding 
acyl-mesitylenes (B. 37 , 1715 ). 

[1, 3, 5]-Triethyl-benzol, b.p. 218®, from ethyl-methyl-ketone with 
sulphuric acid ; from benzene, ethyl chloride, and AI2CI3 we obtain, 
besides the sym. form, the as- or [i, 2, 4]-triethyl- benzol, b.p. 218®, 
which can be separated from the former by the greater stability of 
its sulpho-acid, against phosphoric acid, and can also be obtained by 
reduction of diethyl-vinyl-benzol (/. pr, Ch, 2, 65, 394; B. 88 , 
1634). [l,2,3,4]-Tetraethyl-benzol, b.p. 251®. [ 1 , 2, 4, 5]-Tetraethyl- 
benzol, m.p. +13°, b.p. 250° (B. 86 , 1635). Pentaetbyl-benzol. 
Hexaethyl-benzol from C,H,, CjHjBr or ether and AljCl, (B. 16 , 1745 ; 
21. 2819). Optically active Hexyl-benzols C,HsCH,CH,CH(CHj)C,H„ 
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b.p, 220°, and CeH5CH(CH)s.CH,.CH(CH3)2, b.p. 197°, s. B. 37 , 654, 
2308. Active p-Isopropyl-hexyl-benzol C3H7.CeH4CH2.CH2 CH(CH3), 
CjHg, b.p. 265° (B. 38 , 2313). Heptyl-benzol CeH5CH(CH3)CH2 
CH2C(CH3)2 (B. 35 , 2645). Tert.-p-butyl-ethyl-benzol, b.p. 209°, 
from p-butyl-aceto-phenone (C. 1905, I. 29). Tert.-p-dibutyl-benzol, 
m.p. 76°, b.p. 236° (C. 1904, II. 1112). 

By Fittig’s method the following mono- and di-alkyl-benzols with 
long side chain were obtained from bromo-benzol and bromo-toluol : — 
n-Octyl-benzol, b.p. 262°. Cetyl-benzol C3H5.C1JH33, m.p. 27°, b.p.jg 
230°. o-Methyl-cetyl-benzol, m.p. 8°-9°, b.p.^g 239°. m-Methyl-cetyl- 
benzol, m.p. io°-i2°, b.p.^g 237°. p-Methyl-cetyl-benzol, m.p. 27°, 
b.p .13 240°. Octo-decyl-benzol, m.p. 36°, b.p.^j 249° (B. 21, 3182). 

2. Halogen Derivatives of the Benzene Hydrocarbons. 

A. Halogen Substitution Products of Benzene. 

As a cyclic triolefin, benzene, in sunlight, adds six atoms Cl or Br, 
thus forming benzene hexachloride and benzene hcxabromide— 
bodies which, as derivatives of cyclohexane, are treated later in con- 
nection with hexahydro-benzol. But the H atoms attached to the 
benzene nucleus are also easily replaced by chlorine and bromine, 
more easily than the H atoms of the paraffins. 

Properties and Behaviour. — ^The halogen benzols are partly colour- 
less liquids, partly colourless crystalline compounds. They have a 
feeble, but not unpleasant, odour. They are not soluble in water, 
but easily in other solvents, and volatilise without decomposition. 
Of the dihalogen benzols the para-compounds are solid, at ordinary 
temperatures. They melt at higher temperatures than the ortho- 
and meta-compounds, but boil at lower temperatures. 

There is a remarkably close attachment of the halogen atoms to 
the benzene nucleus. They do not make a double decomposition 
(or only with great difficult}^) with alkaline hydroxides, ammonia, 
potassium cyanide, etc. (B. 18 , 335 ; 20 , R. 712) ; but metals like 
Mg, Na, and Cu extract halogen^:, especially from benzol bromides and 
iodides. This is of importance for the synthesis of homologous benzene 
hydrocarbons. There is a notable facility of reaction of chloro-, bromo-, 
and iodo-benzol with piperidin, forming phenyl-pipcridin ; prolonged 
heating with dimethyl-amine leads to dimethyl-aniline (B. 21, 2279 ; 
C. 1898, II. 478). Small quantities of powdered copper, or copper 
salts, which act catalytically, greatly favour the transformation with 
ammonia, and amines (C. 1909, 1 . 475 ; B. 40,4541). Sodium amalgam 
in alcohohc solution, HI (C. 1898, II. 422 ; /. pr, Ch. 2, 65 , 564), and 
phosphorus, as well as Ni and H at 270° (C. 1904, I. 720), reduce the 
halogen benzols to benzene. 

Fluoro-benzols are formed from benzol-diazo-piperididene by adding 
hydrofluoric acid (Wallach, A. 243 , 221) 

CeHjN-N— NC5Hio+2HFl=CeH5Fl + N3+NH.C5Hio.HFl. 

They are formed from the benzol-diazonium chlorides, sulphates, 
and fluorides {q.v) by decomposition with aqueous solutions of HF 
(C. 1^8, I. 1224 ; 1900, I. 145 ; 1905, I. 1230). 
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Fluoro-benzol CeHgF, m.p.— 41*2°, b.p. 85°, 1-0236, has also 

been obtained by heating fluoro-benzoic acid with HCl. 

p-Difluoro-benzol CeH4[i,4]F2, b.p. 88®, D i ii. 

Chloro-benzols. — Modes of formation : — (i) Free chlorine acts but 
slowly upon benzene. Its action is assisted by I, MoCl5,VCl4 (C. 1904, 
I. 87), FeClg (C. 1899, II. 287), or AICI3. Chlorination can also be 
accomplished with PbCl4.2NH4Cl (C. 1903, 1 . 283, 570). 

(2) The hydroxyl group of the phenols is chlorinated with difiSculty 
by PCI5 ; in the nitro-phenols this replacement is easier. 

(3) A very important process for forming chloro-benzols, and 
aromatic halogen derivatives generally, is based upon the transforma- 
tions of the so-called diazo-compounds, obtained from amido-com- 
pounds, the reduction products of nitro-compounds. These reactions 
involve no atomic displacement, the chlorine taking the place pre- 
viously occupied by the diazo-, amido-, or nitro-group. 

Benzol-diazonium-chloride C4N5N 2C1= C4H5CI -f N g. 

If, therefore, in the di- and poly-substitution products the consti- 
tution of one of these bodies is known, the constitution of the others 
is determined. 


Name. 

Formula. 

M.p. 

B.p. 

D. 

Monochloro-benzol . 

C.H.Cl 

-45“ 


1-128 (0°) 

[i, 2]-(o)-Dichloro-benzol . 

C,H.C 1 . 


180° 


[i, 3]-(m)-Pichloro-benzol . 



172® 


[i, 4]-(p)-Dichloro-benzol . 

. . 

+ 53 " 

172® 


[i, 2, 3l-(v)-Trichloro-benzol 

C.HsCl, 

16® 

218® 


[i, 2 , 4]-(as)-Tnchloro-benzol 

. . 

63" 

213" 


[i. 3. 5]-(s)-Trichloro-benzol 


54" 

208° 


[1, 2, 3, 4]-(v)-Tetrachloro-benzol 


46- 

254" 


[i* 2, 3, 5]-(as)-Tetrachloro-beiizoI 

. . 

50" 

246® 


[i, 2, 4, 5]-(s)-Tctrachloro-benzol 


137" 

244® 


Pentachloro-benzol . 

C.HCl, 

80® 

276® 


Hexachloro-benzol 

C.C 1 . 

226° 

326® j 



In the chlorination of chloro-benzol, p-dichloro-benzol is mostly 
formed, with but little o-dichloro-benzol (B. 29 , R. 648) ; p-dichloro- 
benzol is also obtained from p-quinone (q.v,) with PCI5. Further 
chlorination of o-, m-, and p-dichloro-benzol yields 1,2,4-trichloro- 
and 1,2,4, 5-tetrachloro-benzol (C. 1905, II. 1528). Characteristic, 
for the dichloro-benzols, is their behaviour on nitrogenation : 


o-Dichloro-benzol gives [i, 2 
m-Dichloro-benzol „ [1,3^ 
p-Dichloro-benzol ,, [i, 4! 


-dichloro-4-nitro-benzol, m.p. 43® 
-dichloro-4-nitro-benzol, „ 32® 

-dichloro-3-nitro-benzol, „ 55®. 


Hexachloro-benzol (Julin's “ chlorocarbon **) has also been obtained 
l)y the thorough chlorination of many alkyl-benzols, and other benzene 
derivatives (B. 29 , 875). It is also formed on conducting CHCl, or 
CaCl4 through an incandescent tube. 

Bromo-benzols have been obtained in a manner quite similar to the 
chloro substitution products, i.e, (i) by direct substitution, through 
bromine carriers, like A1 bromide (B. 10 , 971) or a mixture of sulphur 
bromide and HNO, (B. 33 , 2883 ; C. 1901, II. 750) ; (2) from phenols 
(3) from diazo-conipounds (q.v.). 
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Name, 

Formula. 

1 M.p. 

B.p. 

D. 

Monobromo-benzol 

C,H.Br 


155° 

1*517 (0°) 

[ 1 , 2]-(o)-Dibromo-benzol 

CeH^Br, 

-f r-s*** 

224° 


[i, 3]-(m)-Dibroino-benzol 

, , 

- 6 - 5 “ • 

219 * 4 ® * 


[i, 4]-(p)-Dibromo-benzol 

. . 

89° 

219® 


[i, 2 , 3]-(v)-Tribromo-benzol 

^«N3Br3 

87“ 



[i, 2. 4]-(as)-Tribromo-bcnzol . , 


44 ° 

275° 


[i. 3. 5]"(s^)"Tnbromo-benzol . , 


119° 

278® 


[ 1 , 2 , 3, 4]-(v)-Tetrabromo-benzol C-HoBr- 




[1.2, 3,5]-(as)-Tctrabromo-bcnzol 


98“ 

329® 


[i, 2, 4, 5]-(s)-Tetrabromo-bcnzol 

. . 

175° 


(B. 28, 191) 

Pen tabro mo -benzol 

C«HBr, 

160® 


(C. 1900, 1 . 809) 

Hexabromo-benzol . 

C,Br, 

315° 

•• 



Of the dibromo-benzols we obtain on bromination of benzene with 
heat chief!}" the p-compounds, more rarely the o-compounds (B. 10, 
1345)- Characteristic of the dibromo-benzols, as of the dichloro- 
benzols, is their behaviour on nitrogenation. 

The generation of tribromo-benzols from the three dibromo-benzols 
has been used for constitution determinations of all those bodies 
(Komer). Hexabromo-benzol is generated by heating CBr4 to 300®. 

Chloro-bromo-benzols, see C. 1899, I. 835 ; II. 959. 

lodo-benzols are obtained (i) by heating benzene, iodine, and 
HI to 200° (Kekul6). The action is represented by the equation 
(A. 137 , 161) : 

5CeH«+4l+I03H=5CeH,I=3H20. 

(2) By treating benzene with a mixture of and HNO3 (®- 83 » 
2875 ; C, 1901, II. 750). 

(3) More usually, iodo-bonzols are prepared from the corresponding 
amido-compounds with the help of the diazo-compounds (q.v.). 

(4) Bromo-benzol mav be transformed to iodo-benzol by changing 
it in ether solution to phenyl-magnesium bromide, and then treating 
^\"ith iodine (C. 1903, I. 318; : 


CgH^Br * C.II.MgBr-^- C.HJ+MgBrI. 


Name. 

Formula. 

M.p. 

B.p. 

Iodo-benzol .... 

C.HJ 

-30" 

188® 

[i, 2]-(o)-Di-iodo-benzol 

C.H4I, 

+27® 

286® 

I. 3]-(m)-Di-iodo-benzol 


40® 

285® 

I, 4]-(p)-Di-iodo-ben2ol 

I, 2 , 3]-(v)-Tri-iodo-benzol . 

I, 2, 4]-(as)-Tri-iodo-ben2ol . 

[i, 3, 5]-(s)-Tri-iodo-benzol . 

C.H,I, 

129® 

116® * 
91 - 4 ° * 
184*4® 

285® 

[i, 2 , 3, 4]-(v)-Tetra-iodo-benzol . 

C.H.I. 

136® * 

see 

[i, 2, 4, 6]-(as)-Tetra-iodo-benzol . 


148® 

[ B. 84 , 3343 ; 

[i» 2, 4, 5]-(s)-Tetra-iodo-benzol 
Pcnta-iodo-benzol 

Hexa-iodo-benzol • 

C.HI, 

C.I. 

254°* 

172® 

I 40®-! 50® 

C. 1901, II. 535 


Hexa-iodo-benzol Cel® forms during thorough iodination of benzol- 
carboxylic acids (benzoic acid, terephthaUc acid) with iodine and 
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fuming sulphuric acid. It forms reddish-brown needles which melt 
and decompose at 140^-150° (B. 29 , 1631). 

1 , 8 , 6-Tri-Iodo-2-chloro-benzol (C. 1907, 1. 632). About Bromo-iodo- 
benzols (B. 29 , 1405 ; C. 1899, II. 371). 1 , 3, 6-Tri-lodo-2, 4, 6 -tribromo- 
benzols CaBr,!,, m.p. 322® (C. 1898, II. 972). 

Iodide chlorides ; lodoso-benzol ; lodoxy-benzol ; Diphenyl-iodonlum 
hydroxide. — The iodo-benzols and their homologues, by the action of 
chlorine or substances easily liberating chlorine, are transformed into 
iodide-chlorides, e.g. phenyl iodide-chloride CeHalCla (Willgerodt, 
1886). These contain chlorine bound to iodine, and may therefore be 
referred to iodine trichloride ICl,. The formation of these peculiar 
compounds is useful for the characterisation of iodinated benzene 
derivatives. The iodo-chlorides are easily changed into iodoso- 
benzols, and should be regarded as the chlor-anhydrides of the latter. 
From the iodoso-benzols we arrive through oxidation at the iodoxy- 
benzols, e.g. CeHjIOa. From iodoso- and iodoxy-benzol we finally 
obtain the strongly basic diphenyl-iodonium hydroxide. 

Phenyl-iodo-chloride CgHJCla, yellow needles, formed on conduct- 
ing chlorine through a solution of iodo-benzol in chloroform. By 
heating it is changed into p-iodo-chloro-benzol with liberation of 
chlorine (C. 1907, I. 1198 ; II. 43). Shaken up with water and alkalies 
or other bases, it yields iodoso-benzol : 

^CsHjIO+zKI+HaO. 

Iodoso-benzol CgHjIO is an amorphous substance exploding about 
210® ; treated with acidulated KI solution, it gives up its oxygen with 
liberation of the equivalent quantity of iodine : 

CeHJO+2KI-f2CH3COOH=QHJ+2CH,COOK+2l-fHaO. 

It has a basic character, and yields salts derivable from the hypo- 
thetical hydrate CeH5l(OH)a, like CeH5l(OOCCH,)3 ; we must therefore 
regard CeHalCla as an iodoso-benzol chloride. 

lodoxy-benzol QHJOa, by heating iodoso-benzol by itself, or by 
boiling in water : 

2 CoH 3 lO=C.HJ+QH 5 lOa; 

also by oxidation of iodoso-benzol with hypochlorous acid, or treat- 
ment of phcnyl-iodo-chloride with bleaching-powder solution (B. 29 , 
1567 ; cp. B. 33 , 853). It is also formed direct from iodo-benzol by 
oxidation with K persulphate and concentrated HaS04 (Caro's reagent, 

33 , 533). lodoxy-benzol explodes at 227^-230®. It exhibits the 
behaviour of a super-oxide. 

With concentrated HF, iodoxy-benzol 3delds benzol-iodo-fluorlde 
CeHalOFa, which with water regenerates iodoxy-benzol (B. 34 , 2631). 

Diphenyl-iodonium hydroxide (CeH3)aIOH is only known in aqueous 
solution. Generated by shaking up a mixture of iodoso- and iodoxy- 
benzol with moist silver oxide, according to the equation 

QH5IO -f CaH JOa+AgOH = (CeH3)aI.OH+IO,Ag. 

Its iodide is formed on boiling iodoxy-benzol with KI solution (B. 29 , 
2008). Diphenyl-iodonium-hydroxide has a strong alkaline reaction, 
forms salts resembling those of thallium ; the carbonate and 
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nitrate are very soluble. The chloride and bromide form white 
precipitates. 

DiphenyModonium iodide (CeH5)2l.I is polymeric with iodo-benzol. 
It forms yellow needles soluble in alcohol with difficulty. They melt 
at I75 °-i 76®, forming iodo-benzol (V. Meyer, B. 27 , 1592 ; 28 , R. 80). 

Fat-aromatic iodonium salts are obtained by transformation of 
acetylene-silver chloride with aromatic iodo-chlondes : 

2C,H5lCl, +HC=CAg.AgCl =C1HC : +C,H5l +2AgCl. 

C4H5/ 

Dichloro-vinyl-phenyl-iodonium chloride, m.p. 174°. Bromide 
decomposes at 162°. The free base is unstable (A. 369 , 132). 

A number of homologous and substituted iodo-chlorides, iodoso- 
and iodoxy-benzols, and iodonium hydroxides have been prepared (see 
C. 1900, I. 761 ; 1902, II. 1196 ; B. 34 , 3406, 360b ; 37 , 1301 ; 89 , 
269). 


B. Halogen Derivatives of the Alkyl-Benzols. 

Under the same conditions as in benzene itself, in the cold, in the 
presence of 1, M0CI5, VCI 4 , FeClg, sulphur bromide, and HNO3 (B. 33, 
2885), so in the alkyl-benzols the chlorine and bromine atoms enter 
almost solely into the benzene residue, and aromatic substitution 
products are formed. Thus, toluol yields : 

C. HjCHa > CeH4Cl.CH3 > CeH3Cl2CH3, etc. 

QH5CH3 > CeH4BrCH3 ► CeH3Br2CH3, etc. 

But on conducting Cl and Br through the boiling alkyl-benzols, 
hardly anything but the hydrogen of the side chain is replaced, and 
aliphatic substitution products are obtained. Thus, from toluol 

C,H5CH3 ► CeH/H^Cl ^ C^U.CBCi, ^ r3H,CCl3 

Benzyl chloride Benzal chloride Benzo-trichloride 

are obtained, corresponding to 

CH3CH.,Ci CH3CHCI2 ► CH3CCI3 

Ethyl chloride Ethylidene chloride Methyl chloroform. 

These are dealt with in connection with the corresponding oxygenated 
compounds : 

CeHgCHgOH > CVl/HO > 

Benzyl alcohol Benzaldehyde Benzoic acid 

into which they can be easily converted, and from which they can be 
obtained by means of PCI5. 

In sunlight. Cl and Br produce substitutions of the aliphatic side 
chains of the lower homologues, even when cold (B. 20 , R. 530 ; cp. 
B. 85 , 868). Isopropyl-benzol is transformed by Cl, at boiling-point, 
into p-chlorisopropyl-benzol (B. 26 , R. 771). PCI 3 also attacks the 
alkyles of the alkyl-benzols when hot. In this and many other 
reactions the presence of other substituents, in the benzene nucleus, 
exercises an impeding influence (C. 1898, I. 367, 1019). 
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The two other methods for preparing the halogen derivatives of 
benzene, viz. the action of hsdogen phosphorus compounds upon 
oxy-benzols, and the transformation of the corresponding diazo-com- 
pounds, give alkyl-benzols, with substitution of halogens in the benzene 
residue. A substitution can take place both in the aromatic and the 
aliphatic residue of the same alkyl-benzol. The halogen atoms entering 
the side chain are always capable of reaction. They freely exchange 
for radicles, whereas the halogen atoms entering the benzene residue 
are very strongly bound. The aromatic monohalogen derivatives of 
the alkyl-benzols, especially the bromalkyl-benzols, are often used 
for building up higher alkyl-benzols by Fittig's method. Of some 
importance for recognising the constitution is the oxidation of the 
side chains to carboxyl groups, which enables us also to determine the 
halogen atoms in the side chains. 

With sodium amalgam in alcoholic solution, or with HI, the 
halogens are replaced by hydrogen. 

Of the very numerous aromatic halogen substitution products of 
this kind we may here enumerate the simplest representatives of the 
monohalogen toluols : 


Name. 

Formula. 

M.p. 

B.p. 

I, 2]-, o-Fluoro-toluol . 

I, 3]-, m-Fluoro-toluol . 

I, 4]-, p-Fluoro-toluol . 

I, 2]-, o-Chloro-toluol . 
[ 1 , 3]-, m-Chloro-toluol . 

4]‘» p-Chloro-toluol , 
’i, 2]-, o-Bromo-toluol . 
'i, 3]-, m-Bromo-toluol . j 
I, 4]-, p-Bromo-toluol . 

I, 2]-, o-Iodo-toluol 

I, 3]-, m-Iodo-toluol 

I, 4]-, p-Iodo-toluol 

1 

CH3[i]C.H4[2]F 

CH3[i]C.H.t3]F 

CH3[i]C,H4[4]F 

CH 3 [i]C.H.[ 2 ]C 1 

CHa[i]C,H4[3]Cl 

CH,[i]C,H4[4]C1 

CH3[i]C.H.[2]Br 

CH3[i]C.H.[3]Br 

CH3[i]C.H4[4]Br 

CH3[i]C,H.[2]I 

CH 3 [i]C.H.[ 3 ]I 

CH3[i]C,H4[4]I 

-Ml 

-48" 

-26° 

-40** 

4-28® 

35 "* 

114° (C. 1906, II. 1830) 
II5" 

II6® 

156" 

150'^ 

16:^" 

I8I ' 

iSy 

I8q" 

204® 

204° 

211° 


0-, m-, and p-Fluoro-toluols have been prepared by the same 
methods as fluoro-benzol. On chlorinating or brominating toluol in 
the cold, or in the presence of iodine or FeCl3, para- and ortho-com- 
pounds are produced, in nearly equal quantities. The p-chloro-toluol 
may be separated from the o-compound by heating to 150° with 
sulphuric acid, when the o-compound forms a sulpho-acid. 

All the monochloro-, monobromo-, and mono-iodo-toluols may be 
obtained pure by decomposition of the diazo-compoimds (g.v,) obtained 
from the three amido-toluols or toluidinenes. The o- and p-chloro- 
toluols are easily obtained from the corresponding toluidins. The 
m-bromo-toluol has also been obtained by brominating aceto-p- 
toluidin to m-brom-aceto-p-toluidin and then replacing the amido- 
group by hydrogen. 

The m-chloro-toluol has also been obtained from 3-methyl-A,- 
keto-R-hexene, easily prepared from methylene-diaccto-acetic ester. 
In this process tetrahydro-m-dichloro-toluol is first prepared by 
means of PCI5, and then it splits into HCl and dihydro-m-chloro-toluol. 

VOL. II. F 
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Bromine withdraws two H atoms from this body, and m-chloro-toluol 
is formed (B. 27 , 3019) : 

CH, CHa CHa 

C=rCH— CO — ► C=CH— CCl. — ►C=CH— CCl — ►C=CH— CCl 
la— CH, CH,— CH,— CH, CHa— CH,— CH CH -CH— CH 

If we start from ethylidene-binaceto-acetic ester, we obtain [i, 3, 5]- 
chloro-m-xylol (B. 29 , 310); and [i, 3, 6]-chloro-cymol has been 
similarly obtained from menthone or keto-hexahydro-p-cymol (B. 29 , 
314). 

The iodoso- and iodoxy-compounds corresponding to p-iodo-toluol 
are known (B. 26 , 358 ; 27 , 1903). 

For the halogen toluols their transformation into solid nitro-halogen 
toluols, and their oxidation to the halogen benzoic acids of known 
constitution, are characteristic. Chromic acid oxidises the m- and p- 
halogen toluols to the corresponding carboxylic acids, but it com- 
pletdy bums up the o-halogen toluols. By boiling with dilute HNO3, 
by potassium permanganate or potassium ferricyanide, all the three 
isomers, including the ortho-compounds, are converted into carboxylic 
acids. 

Of aromatic di-halogen toluols with similar halogens six isomers are 
possible. The six isomeric dichloro-toluols are known (B. 29 , R. 867). 
They are isomeric with benzal chloride C^HjCHCl,, and the three 
chloro-benzyl chlorides CICJH4CH2CI. For particulars of the higher 
chlorination products of toluol, see C. 1902, II. 1178 ; 1904, II. 1292, 
etc. The six isomeric dibromo-toluols and di-iodo-toluols have all 
been obtained (C. 1910, 1 . 525). Pentabromo-toluol is prepared from 
suberane and bromine. The six isomeric tribromo-xylols are all 
known (C. 1906, II. 1831). 

The following table contains the easily prepared bromo-derivatives 
of polymethyl-benzols : 


Name. 

M.p. 

B.p. 

[i. 2# 4]-Bromo-o-xylol. 




- 2® 

214° 

fi, 3, 4j-Bromo-m-xylol 



. 

, , 

203® 

[if 2, 4]-Bromo-p-xylol 

• . 



+ 9® 

200® 

Tribromo-hemimellithol 

, , 


• 

245® 


[z> 2, 4, 3]-Monobromo-pscudocumol 


• 


237® 

[i, 2, 4, 3, 6]-Dibromo-p8cudocumol 



64" 

293 

Tribromo-pseudocumol 



• 

224*^ 


Monobromo-mesitylene 



• 

- I® 

225® 

Dibromo-mesitylene 



• 

+60® 

285“ 

Tribromo-mesitylene . 



• 

224® 


Monobromo-prehnitol . 



• 

30® 

265® 

Dibromo-prebnitol 




210® 

, . 

Monobromo-isodurol • 




, , 

*53" 

Dibromo-isodorol 



• 

209® 


Monobromo-durol 



• 

61® 

262* 

Dibromo-durol 



• 

199® 

3I7’ 

Bxomo-pentamethyl-benzol 



• 

160® 

0 

0 

GO 


It is also remarkable that concentrated sulphuric acid can transfer 
bromine atoms instead of alkyl groups. It thus converts monobromo- 
durol into dibromo-durol and durol (B. 25 ^ 1526). 





NITROGEN DERIVATIVES OF BENZENE HYDROCARBONS 67 

A number of iodinated alkyl-benzols have, like iodo-ben?:ol itself, 
been prepared by means of sulphur iodide and HNO3 (see B. 33, 2875). 

Concerning the influence of alkyl groups in the '' reverse substitu- 
tion '' of iodine in iodinated benzols, see /. pr. Ch. 2, 65, 564. 


3. Nitrogen Derivatives of Benzene Hydrocarbons in which the 
nitrogenated residue is connected with the benzene nucleus by 
nitrogen linking. 

These compounds may be classified by the number of nitrogen 
atoms contained in the residues. The first class is formed by com- 
pounds in which the nitrogen group only contains one nitrogen atom. 
This is headed by the m/ro-compounds. so characteristic of the benzene 
derivatives in general, which form the bases for obtaining the succeed- 
ing groups. Then come the ^w^Wo-compounds, which comprise the 
generators of many coal-tar dyes and aromatic bodies of therapeutic 
importance. A link between both groups is formed by the nitroso- 
and the ^-hydroxylamine compoimds. 

The second class is formed by the compounds in which the nitro- 
genated residue contains two or more N atoms mutually linked. Two 
N atoms are carried by the nitro^amines, the nitroso-^-hydroxyl- 
amines, the nitrosamines, the azo%y-compounds, the hydrazins, the 
diazo- and the ^2(9-compounds. Three N atoms are carried by the 
^tVroso-hydrazins, the diazo-amido-compowxids, and the azo-imido- 
compounds ; four N atoms by the ^^iia2:o-hydrazides or buzylene com- 
pounds, and the tetrazones ; five N atoms by the his-diazo^amido- 
compounds ; and eight N atoms by the bis^diazo-tetrazones or octazones. 

Our knowledge ot some of these classes of bodies has acquired the 
greatest importance, even for the chemistry of the inorganic nitrogen 
compounds. If we imagine these nineteen groups of aromatic nitrogen 
compounds derived from the inorganic nitrogen compounds obtained 
by replacing the aromatic residues by hydrogen, then out of the nineteen, 
only six occur free or in inorganic compounds, and these are printed in 
heavy type in the following lir^t : 


1. Ni/ro-compounds . . . derived from 

2. Nttroso-com-pounds . . ,, ,, 

3. fi-Hydroxylamtne-compounds . 

4. mtiio-compounds . ,, 

5. Nitfo-amines 

6 . Nttroso-fi-hydroxylamtnes , „ ,, 

7. Nitrosamines . . . „ ,, 

8. Diairo-compounds . . „ „ 

9. i4<fo-compounds . . . „ „ 


10. Azoxy-compounds 

11. Ilydrazins .... 

12. Nitroso-hydrazins 

13. Dtazo-amido-compounds 

14. Dtazo-oxy-amido-compounds . 

15. Diazo-imido-compounds 

16. Diazo-hydrazo- or Buzylene com- 

pounds 

17. Tetrazones .... 

18 . Bis-diazo-arnido-compoxmds . 

19. Bis-diazo-tetrazone or Octazone 


H.NO> 


H.NO 

H.NHOH 

H.NH, 

H.NHNO. 

H.N(OH).NO 


H.NH.NO 


H.N=N.OH 


H.NH.NO or H.N(OH) 5 N 
H.N=N.H 


H.N^:^— ^N.H 
H.NH.NHt 
H.N{NO).NH, 
H.N=N.NH, 
H.N=N— NHOH 



H.N=N.NH.NH, 

H.NH.N=N.NH, 

H.N « N— NH— N = N.H 
H.N :N.NH.N : N.NH.N ; NH. 
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The first three groups will be dealt with in the succession shown, 
but the others will be arranged by their genetic rather than their 
systematic relations, as follows : — ^Nitroso-j8-hydroxylamines ; Amido- 
compounds ; Nitroso - amines ; Nitro - amines ; Diazo - compounds ; 
Diazo-amido-compounds ; Bis-diazo-amido-compounds ; Diazo-oxy- 
amido- and Azo-imido-compounds ; Azoxy- and Azo-compounds ; 
Hydrazines; Nitroso - hydrazines ; Tetrazones; Diazo - hydrazo- or 
Buzylene compoimds ; and Octazones. 

I. Nitro-Derivatives of Benzene and the Alkyl-Benzols. 

Benzene and the alkyl-benzols which contain H atoms attached to 
the nucleus easily give nitro-derivatives under the action of nitric acid : 

CeH«+N0,0H=CeH5N0a+H20. 

In these compoimds of a more or less yellow colour the nitrogen of 
the nitro-group is directly linked with a carbon atom, as in nitro- 
methane, for on reduction we obtain amido-compounds : 

C«H,N0,+6H=CaH4NH,+2H,0. 

In the previous chapter it was stated that all the H atoms of ben- 
zene may be replaced by chlorine and bromine. This does not apply 
to the nitro-groups. The two first nitro-groups enter without diffi- 
culty, but the third encounters more resistance, and it has not been 
found possible to introduce more than three nitro-groups into a 
benzene derivative. 

A mixture of one part HNO3 and two parts H2SO4 acts more 
energetically than HNOj alone, as the sulphuric acid withdraws water. 
Di- and trinitro-products are mostly obtained thus. A less complete 
nitrogenation is attained by first dissolving in glacial acetic acid and 
chloroform (B. 42 , 4151). 

The more alkyl groups are contained in a benzene hydrocarbon, 
the more easily it is nitrogenated. The production of nitro-phenols 
during such nitrogenation may be explained by assuming an addition 
of HNOa to double links of the benzene ring, and the liberation of 
HNOj on the one hand and HjO on the other (B. 24 , R. 721 ; 42 , 4152). 
Such unstable addition products may also be the cause of the dark- 
brown colouring at first observed during nitrogenation. On heating 
with dilute HNO3 the nitro-group enters the aliphatic side chain. Such 
compounds are dealt with later in connection with the corresponding 
alcohols (B. 27 , R. 193 ; C. 1899, I. 1237). 

An admirable means of nitrogenation has been discovered in ben- 
zoyl and acetyl nitrate, suitable for some cases (B. 89 , 3798 ; C. 1907, 
I. 1025). It avoids the generation of water which accompanies nitro- 
genation with HNOj : 

C3H3+CeH5C00N02=C«H5N02+C3H3C00H. 

The action of AljCl^ upon the hydrocarbon mixed with ethyl 
nitrate can also produce nitro-compounds (C. 1908, II. 403). 

From the aromatic amines obtained by reduction of the nitro-com- 
pounds the latter may be recovered through the intermediary of the 
diazo-compounds, the nitrites of which yield nitro-bodies when treated 
with cuprous oxide. Nitro-bodies have also been obtained by direct 
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oxidation from amines, e,g. nitro-benzol from aniline with K perman- 
ganate, in which process j 3 -phenyl-hydroxylamine and nitroso-benzol 
have been obtained as intermediate products (B. 82 , 1675). 

Properties and Behaviour. — The nitro-hydrocarbons are only slightly 
soluble in water, but they are soluble in concentrated HNO3, and are 
precipitated from this solution by water. They are easily dissolved in 
alcohol, ether, glacial acetic acid, etc. The nitro-products melt at rather 
a higher temperature than the corresponding bromine derivatives. 

Of greater importance is the easy reduction of the nitro-compounds. 
As intermediate products of the reduction to amido-compounds the 
nitroso-compounds and the jS-phenyl-hydroxylamines have been re- 
tained. Both combine, under the influence of an alkali, to azoxy-com- 
pounds, which are further reduced to azo- and hydrazo-compounds. 
These genetic relations are represented by the scheme : 


C,H,NO, ►C^HfiNO ► C.HjNHOH ► C^H^NH, 

Nitroso-benzol )B-Phenyl-hydroxylamine Aniline 


C.H.N. 

I / 

CeH,N^ 

Azoxy-benzol 


C,H,N 


C,H,N 

Azo-benzol 


C.H^NH 

I 

CeHjNH 

Hydrazo-benzol. 


During the electrolytic reduction of nitro-bodies dissolved in sul- 
phuric acid we obtain, besides amido-hydrocarbons, amido-phenols, 
by transposition of the unstable j 3 -phenyl-hydroxylamines (B. 29 , 
R. 230). In HCl solution p-chloraniline is formed by a similar process 
(B. 29 , 1894 ; C. 1907, 1 . 463). 

About the electrolytic reduction of nitro-bodics, see also C.i 901, 
I. 105, 149 ; B. 88, 4006 ; A. 355 , 175, etc. 

The easy reduction of nitro-bodies to substances useful in the 
manufacture of coal-tar dyes has given them the f)osition of im- 
portant and indispensable intermediate products. 

By oxidation with alkaline K ferricyanide solution, the polynitro- 
benzols are easily converted into polynitro-phenols. Nitro-benzol, 
on heating with powdered caustic potash, yields o-nitro-phenol and 
azoxy-benzol ; m-nitro-toluol similarly yields m-nitro-o-cresol ; and 
m-dinitro-benzol yields 2, 4-dimtro-phenol (B. 82 , 3486 ; 84 , 2444 ; 
C. 1901, I. 149). 

By heating with HCI to 200^-300® the nitro-groups are replaced 
by chlorine in many polynitro-hydrocarbons, and in some cases there 
is a further chlorination (B. 29 , R. 594). 

Nitro-Benzols. — ^The melting-points and boiling-points of the 
known nitro-benzols are shown in the following table : 


Name. 

Formula. 

M.p. 

B.p. 

N’itro-benzol 
;i, 2]-, o-Dinitro-benzol 
]i, 3J-, m-Dinitro-benzol 
[i, 4]-, p-Dinitro-benzol 
[1, 2, 4]-, as-Trinitro-benzol 
[i» 3 » 5 ]’» s-Trinitro-benzol . 
[i, 2, 3, 5]-Tetraiiitro-benzol 

C,H,NO, 

|c.H.(NOJ.| 

C,H,(N 0.)4 

+572" 

116® 

90® 

172* 

57® 

I2I» 

1 16® 

209° (C. 1897, II. 547I 
319° (773 mm.) 

303° (771 mm.) 

299° (777 >“«“•) 
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Nitro*benzol C^HjNOj was discovered in 1834 by Mitscherlich 
(Fogg. Ann, 81 , 625), on treating benzene with nitric acid. It is also 
formed during the oxidation of aniline. It is prepared in large quanti- 
ties industrially, and worked for aniline and azo-benzol. For the in- 
dustrial preparation of nitro-benzol a mixture of HNO3 and H2SO4 is 
allowed to flow into benzene in cast-iron tubes, and kept stirred. 
Nitro-benzol is a yellowish, highly refractive liquid of density i*20 at 
20®, smelling of benzaldehyde or oil of bitter almonds, tasting sweet 
in dilute aqueous solution, and acting as a poison, especially when 
its vapour is breathed. Besides the dye industry, nitro-benzol is 
also employed in the perfume industry, to give soap an odour of oil 
of bitter dmonds. In the laboratory it is often employed as a 
solvent or an oxidiser (see Rosaniline and Quinolin). 

Dinitro-Benzols C4H4(N02)2. — On prolonged boiling of benzene 
with fuming HNO3, on short heating with HNO3 and H2SO4, 
m-dinitro-benzol is chiefly formed, together with the o- and p-forms, 
which are more easily soluble in alcohol (B. 7 , 1372). The mcia-com- 
pound is used in the dye industry for preparing m-phenylene-diamine. 

p)-Dinitro-benzol is also obtained from p-quinone dioxime b\' oxi- 
dation ; and o-di nitro-benzol from the residues of preparation of 
m-dinitro-benzol by dissolving in twice its weight of boiling HNO3 
and pouring into the five- or sixfold volume of cold HNO3, whereupon 
the o-dinitro-benzol separates out in cr\’stals (B. 26 , 266). 

The dinitro-benzols are capable of a partial reduction to nitro- 
anilines (^.v.), which form the genetic link between phenylene-diamines 
and dibromo-benzols, as well as phthalic acids. 

Ortho-dinltro-benzol crystallises in plates, yields o-nitro-phenol on 
boiling with NaHO, and o-nitraniline on heating with alcoholic ammonia. 
Other o-dinitro-compounds behave in a similar manner. 

Meta-dinitro-benzol, heated with K ferricyanide and NaHO, or 
with powdered KHO, jields [i, OH, 2, 4] -dinitro-phenol and 
[i, OH, 2, 6] - dinitro - phenol. On treating with alcoholic KCy an 
NO, group is replaced by ethoxyl, with entry of a cyanogen group. 
This produces [2] - nitro- [6]- ethoxy -benzo- nitrile (B. 17 , R. 19). 
With alkali sulphite it forms, with reduction and sulphuration, 
m-nitraniline-p-sulpho-acid (B. 29 , 2448). 

Para-dinitro-benzol, colourless needles. 

By heating the dinitro-benzols with Cl or Br to 200® the nitro- 
groups are replaced, wholly or partly, by halogens (B. 24 , 3749). On 
heating them with Na methylate or eAylate, a nitro-group is replaced 
by a methoxy- or ethoxy-group (C. 18^9, I. 1027). 

TrixitroBenzols. — [i, 3, 5]-, s-tnnitro-benzol, white flakes, from 
m-dinitro-benzol ; or by heating trinitro-benzoic acid ; or, syntheti- 
cally, by oxidation of sodium nitro-malonaldehyde (B. 28 , 2597 ; C.1899, 
II. 609). [i, 2, 4]- or as-trinitro-benzol, from i)-dinitro-benzol on 

heating to 180® with HNO3 and P5n’0-sulphuric acid. The s-trinitro- 
benzol may be oxidised to picric acid or [i, OH, 2, 4, 6]-trinitro-phenol. 
With anilme, naphthalin, etc., it forms additive compounds, and 
similar compounds are furnished by m- and p-dinitro-benzol, trinitro- 
toluol, etc. (B. 18 , 2346 ; 16 , 234 ; 89 , 76 ; C. 1906, II. 1249). With 
aqueous alkalies the s-trinitro-benzol gives orange-coloured products, 
ll^obably through the formation of imstable salts ; with Na alcoholates 
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it forms additive compounds of a saline nature, from which water 
regenerates trinitro-benzol quantitatively. They may be interpreted 
as salts of “ quinolic " nitro-acids : 


CH,0\ NO. H .,^0 

hZ-TTSHi — ^%ON a 


(cp. Quinols, and A. 828 , 219 ; C. 1903, I. 707 ; B. 42 , 2119). On 
heating with Na alcoholate solution a nitro-group ot the s-trinitro- 
benzol is replaced by an alkoxyl group (C. 1901, 1 . 1289). 

as-Tetranitro-benzol CeHj[i, 2. 3, 5](N02)i, yellow needles, formed 
from dinitro-dinitroso-benzolby careful oxidation with HNOg (B. 34 , 56). 

Nitro-Halogen-Benzols. — Modesof formation: — (i) Nitrogenation 
of F-, C 1 -, Br-, and I-benzols ; p-mononitro-halogen-benzols are formed 
mostly, also some o-compounds. (2) Treatment of nitro-benzols with 
bromine or chlorine ; in polynitro-compounds a nitro-^oup is readily 
replaced by halogen. (3) Conversion of dinitro-benzols into nitraniline, 
and replacement of the amido-group by halogens by means of diazo- 
compounds. (4) Formation from nitro-phenols with PCI5, producing 
chloro-nitro-benzols. 

The halogen-nitro-benzols form the transition from the dinitro-, 
nitro-amido-, and diamido-benzols to thehalogen-amido- and dihalogen- 
benzols, and are therefore important for recognising the relations 
between the various di-substitution products of benzene : 




'"NO, 
NO,“ 




►C.R 




Br 






Br 

Br. 


When nitro-groups enter the benzene nucleus in ortho- or para- 
position to a halogen atom, this halogen atom requires the capacity of 
reacting with alk^ies, like the halogen alkyls (Vol. L), while a nitro- 
group in the m^/a-position does not produce this effect (cp. C. 1903, I. 
571). This rule is markedly shown by the behaviour of i, 2, 4, 6- 
tetrachloro-3, 5-dinitro-benzol. In this substance only the halogen 
atoms 2, 4, and 6 can be replaced by the residues NHj, NHC^Hj, 
OC2H5, etc., but not the chlorine atom in the m-position with regard 
to the two nitro-groups (C. 1904, 1 . 1408). The loosening of the halogen 
linking is the more marked, the more nitro-groups enter the nucleus, so 
that 1, 3, 5, 6-trinitro-chloro-benzol or picryl chloride has the character 
of an acid chloride. In some cases it is not the halogen, but a nitro- 
group, which is split off; cp. 35011. dinitro-chloro- and 1-CI-3, 4, 6-trinitro- 
chloro-benzol. 

We give here the melting-points of the isomeric mononitro-, fluoro-, 
chloro-, bromo-, and iodo-benzols : 


C,H.F(NO.) 

C,H.Cl(NO,) 

C,H4Br(NOJ 

C.HJ(NO0 


[1.2] 

[I. 3]„ 

[1.4] 


-8® 

+ I-69” 

+26-5® 

(C. 1905, I. 29. 1230) 

32*5® 

48“ 

83® 

(C. 1898, II. 238 I 1903, I. 208) 

43*1” 


126® 

B. 29, 788) 

49® 

36” 

171-4® 

(B. 29, 1880) 


Meta-chloro-nitro-benzol occurs in two physical modifications : — 
Cooled rapidly after melting, it melts at 237® ; but after a short time 
it changes into the more stable modification melting at 44*2®. A 
similar behaviour is shown by p-nitro-fluoro-benzd, the two melting- 
points being 21*5° and 26*5®. 
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Of the numerous known nitro-haJogen benzols, we may mention 
the [i, Cl, 3, 4] -dinitro-chloro-benzol, which occurs in three very 
similar modifications, having melting-points 36*3°, 37°, and 38® (B. 9, 
760 ; C. 1908, II. 1425). 

sym. Dinitro-chloro-benzol, m.p. 59®, formed by chlorination of 
m-dinitro-benzol. On heating with Na sJcoholate solution it exchanges, 
not the Cl atom, but an NO^ group for an RO group, forming a nitro- 
chloro-phenol ether (C. 1900, I. 1115 ; 1901, I. 1289). 

An analogous behaviour is shown by [i. Cl, 3, 4, 6 ]-Trinltro-chloro- 
benzoh m.p. 116®, obtained by further nitrogenation of [i, Cl, 3, 4]- 
dinitro-benzol. By the action of ammonia, the nitro-group in the 
3-position is replaced by the amido-group (B. 86, 3953). 

[i, 2, 4, 5 ]-Dichloro-dinitro-benzol, m.p. 114°, and [1,2, 3,4]- 
DicUoro-dinitro-benzol, m.p. 55 ®, are formed together during nitro- 
genation of o-dichloro-benzol. On heating with ammonia, the former 
exchanges a nitro-group, and the latter a Cl atom for the NHg group 
(B. 37 , 3892). 

[i, 3 , 5 , 4 , Cl]-Trinitro-chloro-benzol, picryl-ebloride CeH 2 Cl(N 02 ) 3 , 
m.p. 83°, from picric acid by means of PCI 5 . The latter, with ammonia 
solution, gives picramide CgH2(NH2)(N02)3, and, on boiling with soda, 
picric acid is generated. 

Picryl bromide C3H2(N02)8Br, m.p. 123®, from bromo-dinitro- 
benzcl vith HNO3 (C. 1903, I. 963). 

Dinitro-dicbloro-benzols and their transformation products are 
described, C. 1902, II. 513 ; 1903, I. 503, 51 1 ; Dinitro-trichloro- 
benzol, m.p. 130®, see B. 29 , R. 1155. 

Of the six isomeric dibromo-nitro-benzols, five can be obtained by 
direct nitrogenation of the three dibromo-benzols : 

o-Djbromo- benzol i. [i, 2]-Dibromo-4-nitro-benzol, m p. 58® Chief product. 

2. [i, 2]-Dibromo-3-nitro- benzol, 85 2® By-product. 

m-Dibromo-benzol i. [i, 3]-Dibromo-4-nitro- benzol, 61° Chief product. 

2, [i, 3]- Dibromo-2-nitro- benzol, 82® By-product. 

p-Dibromo- benzol [i, 4]-Dibromo-i-nJtro-benzol, 85® 

The missing [i, 3]-dibromo-5-nitro-bciizoJ, m.p. 104*5®, was prepared 
by Korner (J. 1875, 306) from the dibromo-p-nitraniline by eliminating 
the amido-group. Concerning the transformation of the dibromo- 
nitro-benzolb into tribromo-benzols, and their significance concerning 
the constitution of the three dibromo-benzols, see above. 

Nitro-Toluols.— [ i, 2]-, o-Mltro-toluol CH3[i]C3H4[2]N02, two 
modifications, m.p. —9® and —4®, b.p. 218® ; and [i, 4]-, p-Nitro-toluol 
CH3[i]C 3H4[4]N02, m.p. 54®, b.p. 230®, by nitrogenation of toluol. 
They are separated by fractional distillation, and, on reduction, they 
yield the industrially important toluif’ins. On nitrogenation at —55°, 
5*5 times as much p- as o-nitro-toluol is produced (B. 26 , R. 362), and 
even at higher temperatures chiefly p-nitro-toluol is obtained, with 
fuming nitric acid, while nitro-sulphuric acid, at low temperatures, 
gives about 66 per cent, o-nitro-toluol. 

On further nitrogenation of o- and p-nitro-toluol we obtain : [ 2, 4 ]- 
dinitro-toluol, m.p. 70® ; [2,5]-dlnltro-toluol, m.p. 48®; and [2,4,6]- 
trinitro-toluol, m.p. 82® (B. 21, 433 ; 22, 2679). 

We must note the transformation of o-nitro-toluol into anthranilic 
acid by heating with an alkaline hydroxide, whereby o-nitroso-benzyl 
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alcohol and anthranile have been isolated as intermediate products 
(C. 1908, II. 210). The reaction passes through the following phases : 


C.H4 


t[2]N0. 


CH /[i]CH,OH 
* ‘\[*]NO 



C.H4 


/[i]COOH 

U2]NH. 


Similarly, we obtain from o-nitro-toluol-sulpho-acid anthranile 
sulpho-acid (C. 1903, I. 371), and, by heating o-nitro-toluol with Br to 
170°, dibromo-anthranilic acid. 

On boiling with HgO in an alkaline solution, o-nitro-toluol yields 
a mono- and a di-mercuric compound. The latter probably has the 
formula no,[i]C.H,[2]CH<(”|^o. It forms dark-yellow crystals, which 

decompose above 220°, and may be smoothly split up in the cold by 
means of concentrated HCl into HgCl^ and anthranile (q.v,) (B. 4 ? 0 , 
4209 ; C. 1908, I. 1346) : 

( [2]Nof 


p-Nitro- and 2, 4-dinitro-toluol also react wnth HgO. 

[1,3]-, m-Nltro-toluol CH3[i]CeH,[3]NOj, m.p. i6“, b.p. 230“, is 
formed on nitrogenating aceto-p-toluidin and replacing the amido- 
group by hydrogen (B. 22, 831). On further nitrogenation of m-nitro- 
toluol we obtain [3,4]-dinitro-tolaol, m.p. 61°, and [3,5]-dinitro-toluol, 
m.p. 92° (B. 27, 2209). 


Nitro-Products of Alkyl-Bcnzols. 

On account of the facility with which the aromatic nitro compounds 
are produced, many of them are suitable for determining their funda- 
mental hydrocarbons. Some of them may here be enumerated : 

[ 4 ] -Nitro-o-xylol N02[4]CeH3[i, 2](CH3)3, m.p. 29® (B. 17, 160; 

18, 2670). [4,5]- and [4, 6]-Dinitro-o-xylol, m.p. 116° and 76° 

(B. 35, 628). 

[5] -Nitro-m-xylol, m.p. 74°. [ 2 , 4 ]-Dlnitro-m-xylol, m.p. 82°. 

[ 2 , 6]-Dinitro-m-xylol, m.p. 93°. [ 2 , 4 , 6]-Trinitro-m-xylol, m.p. 182° 

(B. 17, 2424). [ 4 , 5, 6]-Trinitro-m-xylol, m.p. 125° (C. 1906, II. 29; 

1909, I. 1320). 

[ 2 ]-Nitro-p-xylol, b.p. 239® (B. 18, 2680). [ 2 , 6]-Dinitro-p-xylol, 

m.p. 123“, and [ 2 , 3 ]-Dinitro-p-xylol, m.p. 93°, form a double compound 
of m.p. 99° (B. 15, 2304). [ 2 , 3 , 6]-Trinitro-p-xylol, m.p. 137® (B. 

19 , 145). 

[ 2 , 4 ]-Dinitro- ethyl -benzol, b.p.jo 163®. [ 2 , 4 , 6]-Trlnltro - ethyl- 

benzol, m.p. 37° (B. 42 , 2633). 

Nltro-mesltylene N03[2]C,H,[i,3,5](CH,)3, m.p. 44® (B. 83 , 3625). 
Dlnltro-mesltylene, m.p. 86®. Trlnltro-mesltylene, m.p. 232® (B. 29 , 
2201). 

Nltro-pseudooumol NOj[5]C,H3[i, 2, 4](CHj)3, m.p. 71®. Dlnltro- 
pseudocumol (NOj),[3,5]C3H[i,2,4](CH3)3, m.p. 172°. [3, 5, 6]-TrlnltP0- 
pseudoeumol (NO,)3[3, 5, 6]C,[i. 2, 4](CH3)3, m.p. 185® (B. 42 , 3608). 

[ 4 , 6, 6]-Trlnltro-v-trimethyl-benzol (NO,),[4, 5. 6]C,[i, 2, 3] (CH,),. 
m.p. 209® (B. 19 , 2517). 



74 


ORGANIC CHEMISTRY 


Hltro-prehnitol NO,[5]C«H[i,2,3,4]{CHa)4. m.p. 6i® (B. 21 , 905). 
Dinitro-prehnitol, m.p. 178®. Dinltro-isodurol (NOj)2[4,6]Ce[r, 2, 3, 5] 
(CHs) 4, m.p. 156®. Dlnltro-durol (N02)*[3, 6]Ce[i, 2,4, 5](CH8)4, m.p. 
205®. 

Nitro-pentamethyl-benzol, m.p. 154® (B. 42 , 4162). 

[ 2 , 4 , 6]-Trinltro-^butyl-toluol (N02)8[2, 4, 6]C«H[i]CH3[3]C(CH08, 
m.p. 96° 97®, smells intensely of musk, and is marketed as ‘‘ artificial 
musk " (B. 2832). 


Nitro-Halogen Derivatives of the Alkyl-Benzols. 


A large number of such compounds have been prepared. 

2 -Chloro- 5 -nitro-toluol, m.p. 44®, and 4 -cliloro- 2 -nitro-toluol, m.p. 
38®, by nitrogenation of o- and p-chloro-toluol respectively (B. 19 , 
2438 ; 20 , 199). 3 -Ch]oro- 4 -nitro-toluol, m.p. 55®, from nitro-m- 
toluidin. For further halogen-nitro-toluols, see B. 37 , 1018. 

2, 4 , 6 -Trinitro- 5 -ohloro-toluol, m.p. 148®, is formed, besides the 
2, 4-dinitro compound, on nitrogenation of m-chloro-toluol. It is a 
homologue of picryl chloride. Here also the halogen is exceedingly 
reactive, and exchangeable for numerous other groups. 

NItro-bromo-durol, m.p. 178°, by nitrogenation of bromo-durol 
vAth nitro-sulphuric acid in chloroform solution. Very peculiar is the 
action of fuming nitric acid upon bromo-durol, leading to dinitro- 
durylic bromide, with displacement of the bromine atom and oxidation : 




CHa 




CHj 

THT 


Br 


CHa COBr 


Rules of Substitution. 

Tormatlon of Di-derlvatives. — Chlorination and bromination of 
benzene and toluol, nitrogenation of monohalogen benzols and of 
toluol, give rise almost entirely to p- and o-di-derivatives, while nitro- 
genation of benzene produces chiefly m-dinitro -benzol. Phenol and 
aniline behave like toluol . p- and o-di-derivatives are mainly formed. 
On the other hand, benzol sulpho-acid CeHgSOgH, benzoic acid 
CaHfiCOOH, benzaldehyde C4H5CHO, benzo-nitrile C4H5CN, aceto- 
phenone C^HjCO.CHj, and a few other compounds, with so-called 
side groups, form mostly m-combinations. The substituents contained 
in the mono-derivatives therefore determine the place of further sub- 
stitution. And it is not immaterial in what succession the substituents 
are introduced. Nitrogenation of chloro-benzol yields chiefly p-nitro- 
chloro-benzol, while chlorination of nitro-benzol produces mainly 
m-nitro-chloro-benzol. 

Concerning the dependence of substitution processes upon atomic, 
and radicle, magnitudes of the substituents, see B. 23, 130. 

The following rule is given by Crum Brown and J. Gibson : — If the 
hydrogen link of the atom or radicle attached to the benzene nucleus 
in the mono-derivative cannot be oxidised direct, i.e, in one operation, 
to the corresponding hydroxyl compound, a further substitution gives 
o- and p-derivatives, otherwise m-derivatives (B. 25, R. 672). 

The following rule attempts an explanation of the various regu- 
larities of substitution. The second substituent enters the o- or p- 
position when the first substituent is attached, with much valence 
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energy, to the benzol-hydrocarbon atom, since there is then a greater 
amount of surplus energy attached to the C atom ; when* the first 
substituent is loosely bound, the m-position has more surplus energy, 
and the substitution will take place there (/. pr. Ch, 2, 66, 321 ; cp. 
C. 1906, I. 458). 

Formation of TrI-derivatives. — On further substitution (chlorination, 
nitrogenation) of the ortho- and para-di-derivatives, the substituent 
groups enter the para- and ortho-positions respectively, so that the 
di-derivatives [1,2], and [1,4] become tri-derivatives [1,2,4] (A. 192, 
219). From the meta-di-derivatives [i, 3] the [i, 3, 4] and [i, 2, 3]- 
tri-derivativcs are obtained. If both substituent groups are of strongly 
acid character, as in m-dinitro-benzol [i, 3, sj-derivatives are formed. 

Formation of Tetra-derivatives.— If further substitution takes place 
in an unsymmetrical tri-derivative [i, 2, 4], unsymmetrical tetra- 
derivatives [i, 2, 4, 6] are usually produced. Aniline, phenol, etc., 
become trichloro- or trinitro-derivatives, in which the entering groups 
are in the m^^^-position [2, 4, 6] = [i, 3, 5] with respect to each other. 
If from these the groups OH and NHg are eliminated, symmetrical 
tri-derivatives CgHgXg [i, 3, 5] are obtained. 

2. Nitroso-Derivatives of Benzene and the Alkyl-Benzols. 

Mononitroso-derivatives of benzene hydrocarbons cannot be 
obtained from the benzols by substitution. They are produced : 

(1) by oxidation of the corresponding j 3 -hydroxylamine derivatives 
with K bichromate and sulphuric acid, ferric chloride, or atmospheric 
oxygen : 

CellsNHOH-f O^CeHjNO+HgO ; 

(2) from anilines by oxidation with permonosnlphuric acid (B. 32, 1675) ; 

(3) by electrolytic reduction of nitro-benzol without a membrane, 
using neutral electrolytes, e , g , solutions of Na, Mg, or A1 sulphate. 
The formation of nitroso-benzol seems, in this case, to be secondary, 
the primary jS-phenyl-hydroxylamine formed at the cathode being 
oxidised to nitroso-benzol at the anode (C. 1908, 1 . 911). The nitroso- 
compounds form colourless crystals of great volatility, coloured green, 
when melted or dissolved. This change of colour is probably due to 
the fact that the molecules, dimeric in the solid state, become dis- 
sociated into simple molecules on melting or dissolving (B. 84, 3877). 
By oxidation the nitroso-benzols give nitro-bodies ; by reduction, 
amido-bodies. With aromatic amines they condense to azo-bodies 
with elimination of water; with jS-phenyl-hydroxylamines, to azoxy- 
bodies ; with hydroxylamine, to so-c2dled isodiazo-benzols ; with phenyl- 
hydrazine, to diazo-oxy-amido-compounds ; with the salts of nitro- 
hydroxylaminic acid (Vol. I.), or benzol-sulpho-hydroxamic acid, they 
form jS-phenyl-nitroso-hydroxylamines (Bamberger, B. 28, 245, 1218 ; 
29, 102 ; 32, 3554 ; C. 1904, I. 24) : 

C,H5N0+NH,.C,H, =C,H.N : H.O 

C,H,NO -h NH(OH) .C,H4 = -f H,0 

C,H,NO+NH,.OH =C,H*N : N.0H-|-H,0 
C,H5NO-i-NH,.NHC,H5 =C,H,N(OH)N : NC,H,(+2H) 
C«H*NO-|-HON • NO,Na=C,H,N(OH)NO-hNO,Na. 
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With substances containing CH, groups which have bectnne reactive 
through the vicinity of acid-forming radicles, the nitroso-benzols yield 
ketone-aniles with elimination of water, e.g. 

(B. 84, 494). By concentrated H,SO| the nitroso-benzols are 
polymerised like aldol, forming p-nitroso-diphenyl-hydroxylamines 
NOCeH4N(OH)CeH5 (B. 81, 1513 ; 82. 219 ). Nitroso-benzol in these 
reactions strikingly resembles the aldehydes, especially benzaldehyde 
CgHgCHO from which it is distinguished by the CH group being 
replaced by a nitrogen atom. With diazo-methane (Vol. I.) the nitroso- 
benzols form addition products, which give off N, and pass into the 
N-phenyl-ether of glyoxime (B. 80, 2791). 

NiTROSChBEszoL CgllgSO, m.p. M®. first obtained in solution by 
the action of nitrosyl bromide upon mercuiy diphenyl (v. Baeyer, 1874). 
Now prejwed by oxidation of /3-phenyl-hydrox>*lajnine or aniline, or by 
electrolytic reduction of nitro-^nzol. Woduced in small quantities 
with other bodies by oxidation of diazo-benzol chloride ; silso from 
diazo-benzol perbromide with alkalies, and b\* distillation of azoxy- 
benzol (B. ^7, 1182, 1273). Illumination completely decomjxises 
nitroso-benzol in benzene solution : besides some resins, azoxy-benzol, 
nitro-benzol, aniline, and o-oxyazo-benzol arc formed (B. 35, 1606). 

(h, m-, p-Nitroso-toluol CH3.C4H4.NO, m.p. 72®, 53°, 48®. 2 , 8-, 

2, 4-, 2, 5 ., 2, 6-, and 8. 4-Nitroso.xylol (CH3)3CeH3NO melt at qi®, 41®, 
loi®. 141®, and 45®. Nitroso-mesitylene (te8)3[2, 4, bJCaHjNO, m.p. 
122®, best obtained from amido-mesitylene (mesidin) with sulpho-mono- 
per-acid (A. 816, 257, etc.). p-Chloro- and p-Bromo-nitro-benzol, m.p. 
87° and 92®. 

0 -, m-, and p-Nltro-nitroso-benzol, m.p. 126®, 90®, and 119®, by 
oxidation of the three nitranilines with sulpho-mono-per-acid (B. 86, 
3803 ; 38, 4011). o- and p-Nitro-nitroso-benzol are also obtained by 
reduction of o- and p-dinitro- benzol by hydroxy lamine and stannous 
oxide, in strongly alkaline methyl-alcoholic solution. This at first gives 
strongly coloured alkali salts ot a dinitronic acid resembling quinone, 

from which acidulation liberates water and produces the 

nitro-mtroso-benzols. Similarly, o-nitro-nitroso-p-xylol, m.p. 130-5®, 
from o-dinitro-p-xylol. m-Dinitro-benzol is not reduced under similar 
conditions, but undergoes substitution with formation of dinitro-amido- 
compounds (B. 39, 2526, 2533). 

Trinitro-nitroso-benzol (N 02 ) 3 [ 2 , 4 , ej-CeHjNO, m.p. 198 ® (B. 84, 
59)- 

2-Nitro-6-nltroso-toluoI, m.p. 117 ®, 2-Nltro-4-nltroso-toluol, m.p. 87 ® 
(B. 40 , 3331). 

p-Dinitroso-derivatives are formed by oxidation of p-quinone di- 
oximes in alkaline solution with potassium ferricyanide, e.g. p-Dinltroso- 
toluol CH,[i]C 4H3[2, 5](N0)2, m.p. 133®, from tolu-quinone dioxime 
CHjC^HjfNOH)*, yellow needles with a suffocating odour of quinone, 
converted by fuming nitric acid into p-dinitro-toluol, and by hydro- 
xylamine chloride into tolu-quinone dioxime (B. 21, 7^, 3319). 

o-Dinitroso-derivatives are obtained from o-nitro-dUazo-imides, by 
beating, and elimination of N. 
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o-DInitroio-lienioI C«H4[i,2](NO)|, m.p. 72'', from o-nitro-diazo- 
bcnzol-imide at 90®, yields on reduction o-quinone dioxime (A. 807 , 28). 

m-Dlnltroso-beniol CeH4[i, 3](NO)4, m.p. 146-5®, formed, besides 
m-nitro-nitroso-benzol, during reduction of m-dinitro-benzol, with zinc 
dust, and glacial acetic acid in alcoholic solution (B. 38 , 1899). 

1 , 2 , 8, 4 -Tetranitroso-b 6 MOl C4H4(NO)4, m.p. 93®, from diquinoyl- 
tetroxime by oxidation with sodium hypochlorite (B. 82 , 505). 

Dinltro-dinitroso-benzol C4H2(N04)|(N0)2, m.p. 133®, golden flakes, 
from picryl chloride with hydroxylamine in acetic solution. By oxida- 
tion it yields as-tetranitro-benzol (B. 84 , 55). 


3. j 3 -ALPHYL- OR Aryl-Hydroxylamines.^ 

These very reactive substances are obtained as intermediate pro- 
ducts in the reduction of nitro- and nitroso-benzols. They are very 
sensitive to alkalies and acids, and they are therefore prepared by 
means of neutral reducing agents, as by the action of zinc dust, and 
sal ammoniac solution, upon nitro-benzols, or of A 1 amalgam and water 
on the etheric solutions of nitro-benzols (B. 29 , 494, 863, 2307). 

Particularly straightforward is the electrolytic reduction of the 
nitro-compounds in acetic solution with Na acetate (B. 38 , 3076). 
With alcoholic ammonium sulphide it is easy to obtain j8-aryl-hydro- 
xylamine. Polynitro-compounds in this case yield nitro-aryl-hydro- 
xylamines by partial reduction (B. 41 , 1936). Aniline is oxidised to 
^-phenyl-hydroxylamine by permonosulphuric acid (B. 32 , 1675) 

The aryl-hydroxylamines reduce ammoniacal silver solution and 
Fehling's solution. They energetically absorb atmospheric oxygen in 
aqueous solution, especially in the presence of alkali. Hydrogen per- 
oxide is thus generated, and the hydroxy lamiiies are first oxidised to 
nitroso-benzols, which, however, mostly combine with the unchanged 
aryl-hydroxylamine to azoxy-benzols : 

C,HjNO +C,H,NHOH NX.H^ + H,0. 


By or//to- and fiara-position methyl groups this reaction is retarded, 
and in mesityl-hydroxylamine it is entirely suspended (A. 816 , 257). 

With diazo-benzol solutions the aryl-hydroxylamines yield diazo- 
oxy-amido-compounds, e,g, C4H5N(OH)N2C4H4 ; this reaction is also 
hindered by o and p-methyl groups. 

Sulphuric acid transposes phenyl-hydroxylamine, and hydro- 
xylamines in a free para-position, into p-amido-phenols : 

CeHjNHOH ► HO[4]CeH4[i]NH2. 

If the para-position is occupied by a methyl group, transposition 
occurs all the same ; but so-called “ quinols'' are produced wdth rejec- 
tion of NH3. These quinols are closely related to the quinones (q.v.), and 
may easily pass by further atomic displacement into methylated hydro- 
quinones, e,g. 


CHj 


H H 
H H 


NHOH 


HO \ H H 

cHs/inr 


O 


HO 


H H 

CH, H 


OH. 


* ** Alphenyl ” is a contraction of alkyl phenyl C«H,„+jC,H4 (Bambe^er). 
The word *' aryl” « aromatic radicle has been latuy proposed for these residues 

(Vorlftnder, /. pr. Ch, 2, 68, 247). 
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Concentrated sulphuric acid transforms phcnyl-hydroxylamine into 
p-amido-phenol-o-sulpho-acid. Concentrated nitric acid transforms 
m-tolyl-hydroxylamine into chloro-toluidines (B. 38, 3600 ; 34, 61 ; 
35, 3697). Cp. the similar transpositions of aromatic nitramines, 
nitrosamines, and chloramines, into p-nitro-, nitroso-, and chlor-aniline. 

With aldehydes, e.g. benzaldehyde, the aryl-hydroxylamines reject 

water, and form N-aryl ethers of aldoximes, 

(C. 1905, II. 764). But formaldehyde gives methylcne-diaryl-hydro- 
xylamines, e.g. CH2[N(OH)CeH5]2. Methylene-diphenyl-hydroxylamine 
is easily converted into the n-phenyl-ether of gl} oxime, but under the 
influence of anhydrous SO4CU it passes into diphenyl-oxy-formamidin 

pTT/^N(OH)C^Hg 

\NC.H, 

Acid chlorides acidulate the aryl-hydroxylamines in their nitrogens, 

e.g. N-Formyl-phenyl-hydroxylamine CeH5N(CHO)OH, m.p. 71°; N- 
Acetyl-phenyl-hydroxylamine CeH5N(COCH3)OH, m.p. 67°; N-Benzol- 
sulphono-phenyl-hydroxylamine C4H5N(S02Cell5)0H (B. 34, 243 ; 35, 

1883). 

/3-Phenyl-hydroxylamine CeH^NHOH, m.p. 81°. Chlorohydrate, 
white crystalline flakes, precipitated from ether. With metals it also 
forms salts : C^H^NHONa from phenyl-hydroxy lamine with Na in ether. 

To the above transpositions of jS-phenyl-hydroxy lamine we may 
add the formation of nitroso-phcnyl-hydroxylamine with N2O3, and of 
phenyl-sulphaminic acid CeHgXHSOsH with SO, (in etheric solution) ; 
in aqueous solution, phenyl-hydroxylamine, with SOj, gives o-aniline- 
sulpho-acid (cp. B. 84, 246). For ^e action of BrCN upon jS-phenyl- 
hydroxy lamine, see B. 37, 1536. 

0-, m-, p-Tolyl-hydroxylamine CH3CeH4NHOH, m.p. 44°, 68°, 94° ; 
2, 3-, 2, 4-, 2, 5-, 2, 6, and 3, 4-XylyI-hydroxylamine (CH3) 2C6H3.NHOH, 
m.p. 74°, 64°, 91°, 98^ and 101°; Hesityl-hydroxylamine (CH8)3 
[2,4, 6]CeH2NHOH, m.p. 116°. 

jS-Chloro- phenyl-hydroxylamine ClCeH4NHOH, m.p. 88°. m- 
Nitro-phenyl-hydroxylamine NO2C4II4NHOH, m.p. 119°, by electro- 
lytic reduction of m-dmitro-benzol (B. 88, 3078). 8, 5-Dinitro-phenyl- 
hydroxylamine (N02)2C6H3NH0H, m.p. I35°-I37°, from sym. trinitro- 
benzol by reduction with H2S (C. 1905, II. 1330). 2, 4, 6-Trinitro- 
phenyl-hydroxylamine (N02)3CeH2NH0H, m.p. 174°, from picryl 
chloride with hydroxylamine chlorohydrate. On heating with caustic 
soda it passes into an iso-picric acid, isomeric with picric acid 

(B. 84 , 57). 

Diphenyl-hydroxylamine (CeH4)2NOH has not up to the present 
been isolated ; but it probably forms the first product of the splitting 
of tetraphenyl-hydrazin (q.v.) with concentrated acids (B. 41, 3482). 

0, p-Dinitro-diphenyl-hydroxylamine (NO2) i[2, 4]C4H3N (0H)CeH5, 
m.p. 114° with decomposition, orange-coloured needles, from 1,2,4- 
bromo-nitro-benzol and j3-phenyl-hydroxylamine. Also formed on 
treating tetranitro-tetraphenyl-hydrazin with concentrated sulphuric 
acid. With alkalies, it forms salts, of a brownish-red colour, which, 
perhaps, belong to the quinoid type : 


OV 

C.H./ 


N. 


NO| 

"h 


H 

TT 


NOOK. 
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In concentrated SO4H2 it dissolves without change, with an intense 
violet colour (B. 89 , 3038). 

p-Nitroso-diphenyl-hydroxylamine NOCeH4N (OH^CeHj, shiny bronze 
scales, melting at I47®-I52° with active decomposition, produced by 
action of concentrated SO4H2 upon nitroso-benzol. The deep-red salts, 
and the methyl ester derived from them (m.p. 138°), may be referred 
to the quinoid form HON : C4H4 rNOCeHg. By boiling with dilute 
SO4H2 or NaOH it is split back into nitroso-benzol (B. 89 , 3036). 

4. ^-Alphyl-Nitroso-Hydroxylamines. 

j3-Phenyl-nltroso-hydroxylamIneC4H5N(OH).NO or C4H5NO(:NOH), 
ni-P- 59°» produced 

(1) From ice-cold hydrochloric ) 3 -phenyl-hydroxylamine solution 
with solution of Na nitrite ; 

(2) By action of hydroxylamine and Na alcoholate upon nitro- 
benzol (C. 1899, II- 37 ^) 

(3) From nitroso-acet-anilide, or from potassium-n-diazo-benzol by 
oxidation with alkaline H peroxide solution (B. 42 , 3568, 3582) ; 

(4) By conducting nitric oxide into an etheric solution of phenyl- 
magnesium bromide (A. 329 , 190) ; 

(5) By transposition of nitroso-benzol with the Na salts of nitro- 
hydroxylaminic acid HON : NO2H (Vol. I. 194) or benzol-sulphydr- 
oxamic acid (C. 1904, I. 24). Ammonium salt, m.p. 164°. The 
slightly soluble iron salt is characteristic. jS-Phenyl-nitroso-hydroxyl- 
amine is a very unstable body, decomposing spontaneously into 
nitroso-benzol, diazo-benzol nitrate, and other substances, such as 
Pj-dinitro-diphenylamine NH(C4H4N02)a. By methylating its salts 
with methyl iodide, or the free substance with diazo-methane, a methyl 
ether, m.p. 38°, is generated, probably referable to the tautomeric form 
C4H5N0(: NOH), since reduction with A 1 amalgam transforms it into 
diazo benzol-methyl ester C4H5N rNOCHj (B. 31 , 574). 

p-Chloro- and p-Bromo-jS-phenyl-nitroso-hydroxylamine, m.p. 74*5^ 
and 87^ 

5. Amido-Derivatives or Anilines. 

The aromatic amido-compounds are derivable from benzene, and 
the alkyl-benzols, by replacing hydrogen by amido-groups : 

CeH^.NH, C 4 H 4 (NH 2 ), C,H 3 {NH 2 ), 

Aniline, amido-benzol Diamido-benzol Triamido-benzol. 

On the other hand, we may regard them as derivatives of ammonia, 
which indicates the existence of primary, secondary, and tertiary 
amines of the benzene series : 

C4H5.NH2 (C4H4)*NH .(CeH4)3N 

Phenylamine Diphenylamme Triphenylamine 

CaH4NHCH3 CeHjNlCHa)* 

Phenyl-methylarhine Phenyl-dimethylamine. 

If, on the other hand, the hydrc^en in the side chains of the benzene 
homologues is replaced by the amido-group, the true analogues of the 
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fatty amines are produced, like C^Hg.CHg.NHj benzylamine, and 
these are considered in connection with the corresponding alcohols. 

A. Primary Phenylamines. 

Formation of the primary phenylamines, in which the amido-groups 
are joined to the benzene nucleus. 

Reduction Reactions, 

I. The amido - derivatives are prepared almost exclusively by 
reduction of the corresponding nitro-compounds ; 

CeHfiNOg+eH^CeHgNHj+zH.O. 

As intermediate products of the reduction, some conditions yield the 
^-phenyl-hydroxylamines and nitroso-benzols. 

The most important methods of reduction are : 

(a) Action of ammonium sulphide in alcoholic solution (Zinin, 1842) : 

C.H,.N 0 ,+ 3 H 2 S=CeH 5 .NH 2 + 2 H, 0 + 3 S. 

In the polynitro-compounds only one nitro-group is easily reduced 
in this wa}’, and nitro-amido-compounds are produced. 

In the chloro-nitro-benzols the nitro-group is only reduced by 
Am^S if it is not in the neighbourhood of chlorine, or of another nitro- 
group ; otherwise chlorine, or another nitro-group, is replaced by 
sulphur or SH (B. 11, 1156, 2056). Generally speaking nitro-groups 
in ortho position with reference to other substituents are not reducible 
by AmjS, but the reduction can usually be brought about by stannous 
chloride (B. 35 , 2073 ; C. 1905, II. 1330, but cp. C. 1902, I. 115). 
On the reduction of nitro-compounds witii alkali sulphides, see C. 1903, 
I. 746 ; 1907 , 1 404. 

{b) Action of zinc and HCl upon alcoholic solutions of nitro- 
bodies (A. \V, Hofmann) ; action of iron filings and acetic or hydro- 
chloric acid. Iron and HCl are used industrially for producing aniline, 
and o- and p-toluidin. 

(:) Action of tin and HCl or acetic acid (B. 15 , 2105) ; or a solution 
of stannous chloride in HCl : 

C.HgNOg+sSn -fbHCWCeHgNHg+sSnClj-f 2H2O 
CeH,N 02 + 3 SnCl 2 -f 6 HCl=CeH 5 NH 3 -f 3 SnCl 4 + 2 H 20 . 

The last reaction may serve for the quantitative determination of 
the nitro-groups. By adding to the alcoholic solution of a polynitro- 
compound, an alcoholic hydrochloric solution of the calculate amount 
of SnCl,, one is able to obtain a step-by-step reduction. In the case 
of o- p-, [2, 4]-dinitro-toluol the M-NO* group is thus reduced, while 
with alcoholic Am,S the [2]-NO, group is reduced (B. 19 , 2161 ; cp. 
B. 86, 2073). In the reduction with Sn and HCl an addition of graphite 
favours the reaction (/. pr. Ch. 2, 66, 579). On the speed of reaction 
with SnCl, and HCl, see Z. phys. Ch, 56 , i. 

{d) Electrolytic reduction in mineral acid solution converts nitro- 
compounds into amido-compounds. In concentrated H2SO4 solution 
the chief product is p-amido-phenol, generated by transposition of the 
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jS-phenyl-hydroxylamine first formed. For a summary of literature, 
see A. 855 , 175. 

In many cases the following reducing agents have been used with 
advantage ; 

(c) Titanium trichloride, and HCl, especially for quantitative 
determinations of the nitro-groups (B. 36 , 1554). 

(/) Sodium arsenite (/. pr, Ch, 2, 50 , 563). 

(g) Zinc dust in alcoholic, or ammoniacal, solution. 

(h) Ferric sulphate with baryta water (B. 24 , 3193), or ammonia 
(B. 15 , 2294), for reducing nitro-bodies soluble in water or alkalies. 

(i) Molecular hydrogen reduces nitro-bodies smoothly to anilines, 
if the former are conducted at higher temperatures (200^-400°) over 
finely divided metals, such as copper, nickel, etc. (C. 1901, II. 681) ; 
or if in the presence of colloid metals, especially palladium and platinum 
at ordinary temperatures, they are treated with hydrogen in alcoholic, 
or etheric, solution (B. 40 , 2209). 

2. By reduction of nitroso-compounds ; see Nitroso-benzol and 
Nitroso-dimethyl-aniline. 

3. By reduction of hydrazo-compounds, and hydrazins (q^v.). 

Exchange Reactions. 

4. By replacing a halogen atom or nitro-group, an hydroxyl or 
an alkoxyl group, by an amido-group, the halogen benzols, heated by 
themselves in ammonia, only yield traces of amido-compounds. But 
the transformation is readily effected in the presence of small quantities 
of copper salts (C. 1909, I. 475). The reaction is the readier without 
a catalyser the more nitro-groups are also introduced, [i, 2]-Chloro- 
benzol, bromo-nitro-benzol, [i, 2]-dinitro-benzol, [i, 2]-nitro-phenol and 
its alkyl ethers, [i, 4]-chloro- and bromo-nitro-benzol, [i, 4]-nitro- 
phenol and its alkyl ethers, when heated with ammonia, give nitro- 
amido-compounds. The [i, 3]- or m^to-compounds do not react (B. 21 , 
1541 ; A. 174 , 27O). 

Phenols can be directly converted into primary (and secondary) 
amines, by heating with ZnClg.NHj to 300^-350® (B. 16 , 2812 ; 17 , 
2635 I 2916 ; 20, 1254). An easier reaction than that of the 
phenols is shown by the naphthols : 

CioH,.OH+NH, C,„H,NH,+H ,0 

Naphthol Naphthylamine. 

5. By heating the halogen derivatives and the alkaline sulphonates 
with Na amide, NaNHj (B. 89 , 3006). 

6. A replacement of the carboxyl group of aromatic carboxylic 
acids by the amine group may be brought about through the inter- 
mediary of (a) the amides, (6) the azides, of these acids as in the 
aliphatic carboxylic acids (Hofmann, Curtius). To this may be added 
(c) Beckmann's transformation of the oximes of aromatic ketones into 
acidulated aromatic amines (Vol. I.), from which the amines are 
obtained by saponification: 

CeH5C(NOH)CH3 CeHjNH.COCH, CeH^NH*. 

7. A direct introduction of the amido-group into benzene hydro- 

VOL. ii. Q 
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carbons may be effected by heating the latter with hydroxylamine 
chlorohydrate, and A 1 or Fe chloride (B. 84 , 1778) : 

CeHe+NH,OH CeHjNH.+H.O. 

But this only gives a small amount of anilines. 

Ill, Separation Reactions, 

8. By heating amido-carboxylic acids : 

(NH,),CeH3CO,H=CO,+CeH4(NH,), 

Diamido-benzoic acids Phenylene-diamine. 

9. By heating secondary, and tertiary, amines with HCl, and from 
the quaternary Am salts, by quick heating, without additions : 

CeH5.NHCH3+HCl=CeH5.NH2+CH3Cl 

C3H,.NHC3H5.HBr=C3H3.NH3+C3H5Br. 

IV, Nuclear Syntheses, 

10. On heating aniline with methyl chloride, monomethyl-aniline 
chloride is first formed, and, at higher temperatures, this splits again 
into methyl chloride and aniline ; at 340® methyl chloride brings about 
the replacement of nuclear H in aniline by methyl, thus producing 
toluidin chlorohydrate. Phenyl-trimethyl-aminonium iodide gives 
mesidine iodo-hydrate : 

P „ CeH4NH,HCl /CHj 

>NH.HC 1 ► I CH3 ► C,H,(CH3)3.NH,HI 

CH,/ tH, I XCHa 

Phenyl-methylamine Toluidin Phenyl-trimethyl- Mesidin-iodo-hydrate. 

chlorohydrate chlorohydrate ammonium iodide 

In this way secondary, and tertiary, aromatic bases may be converted 
into isomeric primary ones. Instead of the halogen salts of the 
secondary, and tertiary, bases, one can also heat the salts ol primary 
bases with suitable alcohols to 300® (B. 18 , 1729) : 

CeHjNHjjHCl + C4H3OH = C4H,.CeH4NH3.HCl+H30 

Aniline chlorohydrate Isobutyl-alk. Amido-tertiary>butyl-benzol. 

Or tree bases are heated with parafi&n alcohols, and zinc chloride, to 
250° (B. 16 , 105). 

11. The oximes of many hydro-aromatic ketones, such as those 
of methyl- and dimethyl-cydo-hexenone, trimethyl-cyclo-hexenone, or 
iso-aceto-phenone, yield primary anilines on heating with HCl, with 
atomic displacement (A. 322 , 379). 

Properties and Transformations of Phenylamines. 

The primary amines are colourless compounds of a peculiar, and 
not unpleasant, odour, and can be distilled, without decomposition, 
at ordinary pressures. As regards formation of salts they resemble 
alkylamines (Vol. I.), but they are much feebler bases than the primary 
alkylamines, have no alkaline reaction, and are but slightly soluble 
in water, though volatile with water vapour. 
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The basic character of primary phenylamines is further weakened 
by the entry of negative groups ; the salts of the di-substituted anilines, 
such as CeHjClg.NHj and CeH3(N02)2-NHj, are decomposed bywater 
alone, and cannot survive. The compounds resemble the carboxylic 
amides in chemical behaviour, just as the corresponding oxy-com- 
pounds, or phenols, have the character of acids. 

Hydrogen reduces the amido-compounds to the corresponding 
hexahydro-anilines, on leading their vapours over finely divided 
nickel, at 190°, or on heating at high pressure in presence of nickel. 
The resulting bodies again show, as cyclo-alkylamines, the strongly 
basic character of the aliphatic amines. 

Aniline will be studied in detail as the t5rpe of primary phenyl- 
amines. But first the following general reactions of the amido-group 
will be specified : 

1. Alkali metals dissolve on heating, with liberation of H. From 
aniline we obtain potassium anilide CjHfiNHK, and dipotassium 
anilide CflH6NK2. 

2. H^ogen alkyls combine with the anilines to secondary, tertiary, 
and finally to quaternary ammonium compounds (Vol. L). 

3. One molecule of an aldehyde combines with one or two mole- 
cules of a primary amine, with liberation of water (B. 25, 2020). With 
furfurol all primary anilines give intensely red compounds. 

4. Of extreme importance, for the development of aromatic 
chemistry, has been the behaviour of free primary anilines, and their 
salts, with nitrous acid. Diazo-amido- and diazo-compounds are 
produced, the latter forming the links in the conversion of nitro- and 
amido-compounds, into the most diverse substitution products. 

5. With thionyl chloride the primary anilines behave like the 
primary aliphatic amines (Vol. I.) ; thionyl-anilines are thus produced. 

6. A hydrogen atom of the amido-group is very easily replaced 
by acid residues, acid anilides being thus formed, which correspond 
to the acid amides (Vol. 1.). The easily crystallised acetic compounds 
are formed with special frequency. 

7. Like the primary aliphatic amines (Vol. I.), the primary anilines 
give, with chloroform, and alkaline hydroxides, carbyl-amines. 

8 . With LSa the primary anilines combine to diary ithioureas 
compounds, with liberation of SHg, while the primary aliphatic amines 
yield ammonium alkyl-dithio-carbaminates (Vol. 1.). 

9. Of significance for the development of quinolin chemistry 
has been the synthesis of quinolin (?.v.), and other bases containing 
quinolin nuclei, on heating aniline, and other primary aromatic bases, 
with glycerin, sulphuric acid, and nitro-benzol. Quinolin derivatives 
are also produced by condensation into fatty aldehydes by HCl or 
H2SO4. 

10. Primary aromatic bases, heated with a-halogen-keto-com- 
pounds, yield indols (q.v.), sometimes with dihydro-pyrazin derivatives 
(y.r.). 

Aniline, phenylamine [aminophene] [amino-bmzene) C^H^NHa, 
m.p. —8®, b.p. 184®, Do I'036 i, is an oU of a feebly aromatic odour, 
soluble at 12-5®, in 31 parts water (B. 10, 709). 

Historioal. — Aniline was first discovert in 1826, by Unverdorben, 
during distillation of indigo, and was called “ crystalline ” on account 
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of the crystallising power of its salts. In 1834 Runge found it in coal- 
tar, and called it “ cyanol,** on account of its blue colour in bleaching- 
powder solution. In 1841 Fritzsche prepared a base, by distillation of 
indigo with KHO, and called it “ aniline " from the name ot the indigo 
plant, Indigofera anil. In the same year Zinin prepared “ benzi- 
dame by reducing nitro-benzol with AmjS. The identity oi the 
four bases was proved by A. W. Hofmann in 1843 (A. 47 , 37). 

Industrially, aniline is obtained on a large scale by reduction of 
nitro-benzol with iron, and about one-fortieth of the HCl required 
according to the equation : 

CeH5N0,+2Fe-f6HCl=CeH5NHj+Fe2Cie+2H,0. 

Probably only FeClj is formed at first, and its presence brings about 
a reduction of the nitro-benzol by iron and water, the ferrous chloride 
serving as a carrier. The finely divided moist metal is the immediate 
reducing agent (B. 27 , 1436, 1815). 

C,H6N0,+3Fe+6HCl=CeH5NH2+3FeCl,+ 2H,0 

CeH,N0,+2Fe+4H,0=CeH,NH,-hFe,0H),. 

The other means which can be used for reducing nitro-benzol to 
aniline have been explained above, where aniline has been usually 
chosen as the primary phenylamine. The same applies to the other 
reactions. Aniline is almost as much used in reactions as ammonia, 
and is the generator in numerous aromatic compounds. In spite of 
its feeble basicity, it precipitates zinc, aluminium, and ferrous salts, 
and displaces ammonia from its salts on account of being less volatile. 

Aniline is a poison. It is a solvent for many bodies, e.g. indigo. 

Aniline is very sensitive to oxidisers. It gradually colours brown 
in air, and becomes resinous. Bleaching-powder solution colours 
aniline purple-violet (B. 27 , 3263). With sulphuric acid, and a few 
drops of potassium bichromate, aniline colours red, and, afterwards, an 
intense blue. On oxidising aniline with hot chloride of lime, or with 
cold Mn04K, it can be reconverted into nitro-benzol, through a series 
of intermediate products (B. 26 , 496 ; 31 , 1522). With chromic 
acid it yields quinonc {q.v .) ; with chlorides, in the presence of certain 
metallic salts, it gives aniline black (q.v). 

With nitroso-benzol aniline combines to azo-benzol, and with 
caustic potash and nitro-benzol it gives azo-benzol, and phenazin 
oxide (B. 34 , 2442). 

Aniline is used in preparing numerous dyes and medicines, such 
as aniline black, fuchsin, etc., and antijebrin, antipyrin, etc. 

Aniline salts. — Chlorohydrate is obtained quite pure and dry by con- 
ducting HCl through an etheric aniline solution, m.p. 198“. b.p. 245'' 
(B. 31 , 1698) ; industrially it is called “ aniline salt.'* In water it 
rapidly dissolves. Platinum chloride doubie salt, yellow needles, from 
alcohol. Stannous and stannic chloride double salt SnCl2.2CeH^. 
NH2.HCI + 2H2O and SnCi4.2CeH5.NH2.HCi + 2H2O. Sulphate 
(CeH 5 NH 2 ) 2 S 04 H 2 . Thiosulphate S208H2(CeH6NH2)* : only primary 
anilines form normal thiosulphates, not secondary or tertiary ones 
(C. 1902, 1 . 303). Nitrate forms rhombic plates ; oxalate, rhombic 
prisms. Not only the chlorohydrate but also free aniline forms double 
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salts with some salts. It also combines additively with trinitro- 
benzol. 

Potassium anilide: QHgNHK and C5H5NK2 are unknown in a 
pure condition. The formation of di- and trimethylamine, by action 
of bromo-benzol upon the reaction product of K upon aniline, proves 
that the hydrogen of the amido-group is replaced by K. Na does 
not act upon aniline below 200°. Small quantities of Cu, CuO, etc., 
facilitate the formation of the Na salt (C. 1909, II. 1512). Cp. also 
acetanilide, and monomethyl-aniline. 

Magnesium haloid compounds of aniline (like C^HgNHMgl) are 
obtained in the shape of crystalline precipitates by the action of 
aniline upon an etheric solution of alkyl-magnesium haloids (C. 1903, 
I. 1024) : 

C.H5NH2+CH3MgI=CeH,NH.MgI+CH4. 

They strongly absorb COg, forming salts of carbaminic acid (B. 37 , 
3978) ; with acid esters they give the corresponding acid anilides 
(C. 1904, I. 201 ; 1906, I. 1000). 

Amido-methyl-benzols. — Some representatives of this group are 
of great importance in the dye industry, especially o- and p-toluidin. 
Most of the bases are liquid at ordinary temperatures, but easily 
yield acetic compounds, on boiling with glacial acetic acid, or treating 
with acetyl chloride or acetic anhydride. These substituted aceta- 
mides are easily crystallising bodies, of definite melting-point, very 
suitable for characterisation of the bases, from which they are easily 
obtained. The melting-point of the acetic compound is therefore, in 
what follows, added to the m.p. or b.p. of the base. Amido-methyl- 
benzols are obtained by the reduction of the corresponding nitro- 
compounds, and by heating chlorides of the bases, methylated as 
regards the nitrogen, like dimethyl-aniline CeH5N(CH3)2, under pressure, 
at high temperature. 

Toluidin CHg.CgH^NHg. — The three toluidins are isomeric with 
benzyl-amine CeHgCHgNHg (treated in connection with benzyl- 
alcohol) and with methyl-aniline CgH^NHCHg. They are obtained by 
reduction of the three nitro-toluols. m-Toluidin is also prepared by 
reduction of m-nitro-benzal chloride, a transformation product of 
m-nitro-benzaldehyde (B. 15 , 2009 ; 18 , 3398). p-Toluidin was 
discovered in 1845 by A. W. Hofmann and Muspratt (A. 54 , i). 

o-Toluidin, liquid . b.p. 197® Acet-o-ioluide, m.p. 110°, b.p. 296® 
m-Toluidin, „ . „ 199° Acet-m-toluide, „ 65®, „ 303® 

p-Toluldin, m.p. 45° „ 198® AccUp-toluxde, „ 153°, „ 307® 

p-Toluidin unites with one molecule of water to a monohydrate 
CH3CeH4.NH2.H2O, m.p. 41 5®, which may be used for isolating, and 
purifying, the base (C. 1908, 1 . 2092). 

The chlorohydrates of o-, m-, and p-toluidin melt at 215°, 228®, and 
243® respectively, and boil without decomposition at 242®, 250®, and 
257® respectively (B. 81 , 1698). 

Separation of 0- and p-toluidin . — Nitrogenation of toluol forma 
o- and p-nitro- toluol, from which the industrially important toluidins are 
obtained. The o-toluidin is separated from the p-toluidin by treat- 
ing the mixed bases with an amount of sulphuric acid insufficient fox 
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complete neutralisation, and distilling. The stronger p-base remains 
behind, as a sulphate. Or we can utilise the ^eater solubility of the 
o-tolui^n oxalate (/. pr, Ch, 2, 14 , 449). Aniline, o- and p>toluidin 
may also be separated by the different behaviour of their chloro- 
hydrates towards mono-sodium phosphate (B. 19 , 1718, 2728 ; cp. 
B. 29 , R. 434). 

In the aniline dye industry there is a distinction between : 

Aniline oil for blue : pure aniline. 

Aniline oil for red: molecular quantities of aniline, o- and 
p-toluidin. 

Aniline oil for safranin: aniline and o-toluidin, from the 
distillate of the fuchsin mixture. 


The free toluidins are easily transformed, by oxidation, into azo- 
compounds (B. 26 , 2772). If the amido-group is protected from oxi- 
dation, by introducing an acid radicle, the acetyl group, the methyl 
group may be oxidised to a carboxyl group with potassium per- 
manganate, and o-aceto-toluide may thus be converted into o-acet- 
amido-benzoic acid (B. 14 , 263). In the chlorination, bromination, or 
nitrogenation of the aceto-toluides, the negative substituent is mostly 
placed in the o-position w'ith respect to the acet-amido group (see 
Rules of Substitution). 

o-Toluidin, like aniline, is coloured violet by chloride of lime solu- 
tion and HCl, but p-toluidin is not. Iron chloride separates, from the 
hydrochloric o-toluidin solution, a blue body, known as toluidin blue. 

Xylidlns (CH3)2CeH3NH2. All the six possible isomers are known : 


v-o-Xylidin, liquid, b.p. 
as-o-Xylidin, m.p. 49®, ,, 
v-m-Xylidin, liquid 
as-m-Xylidin 
5-m-Xylidin 
p-Xylidin, m.p. 15° „ 
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For melting- and boiling-points ot the chlorohydrates, see B. 81 , 
1699. 

The xylidin used industrially for making azo-dyes, and obtained 
from dimethyl-aniline, is chiefly m-xylidin and p-xylidin (B. 18 , 2664, 
2919). Concerning the separation of isomeric xylidins from each other, 
see C. 1899, II. 1113. 

Amido-polymethyl- benzols (CH,),C,H2NH,. The product in- 
dustrially obtained by heating xylidin chloride, with methyl alcohol, 
to 250°, under pressure, consists essentially of s-pseudo-cumidin and 
mesidin, and is used for preparing red azo-dyes (B. 15 , lOii, 2895). 

s-Pseudo-cumidln [5NH„i,2, 4], m.p. 68°; b.p. 235°; acetic com- 
pound, m.p. 164° (B. 18 , 92, 2661). 

Mesidin [2NH,, 1,3,5], liquid, b.p. 230°; acetic compound, m.p. 
216° (B. 18 , 2229 ; 24 , 3546). 

Duildln [3NH,, I, 2,4, 5], m.p. 75°, b.p. 26 i°- 262°; acetic com- 
pound, m.p. 207° (B. 42 , 4160). 

Isoduridin [4NH,, I, 2, 3, 5], m.p. 23°, b.p. 255°; acetic compound, 
m.p. 215° (B. 18 , 1149). 
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Prehnldln tSNHj, i, 2, 3, 4], m.p. 64®, b.p. 260® ; acetic compound, 
m.p. 170® (B, 21, 644, 905). 

Amldo-pentamethyl-benzol, m.p. 151®, b.p. 277® ; acetic compound, 
m.p. 213® (B. 18 , 825). 

Aniline bomologues with larger sloohol radicles are obtained 
not only from the corresponding nitro-compounds by reduction, but 
also from aniline itself by a nuclear synthesis, when aniline is heated 
to 25o°-28o®, with aliphatic alcohols, and zinc chloride. The alkyl 
takes up the p-position with respect to the amido-group. If iso-butyl 
and iso-amyl alcohol are used, p-terti-butyl- and p-terti-amyl aniline are 
produced, water being probably first given off, with formation of 
iso-butylene, and ^-iso-amylene, respectively, which, under the influence 
of the condensing agent, attach themselves to the p-carbon atom of 
the anihne. 

p-Amido-ethyl-benzol C,HjC,H 4 NHj, m.p. —5°, b.p. 216® (B. 22, 
1847). 

p-Amldo-propyl-benzol, b.p. 225°; acetic compound, m.p. 87® (B. 
17 , 1221). 

p-Amido-iso-propyl-benzol, b.p. 225® ; acetic compound, m.p. 102® 
(B. 21 , 1159). 

p-Amido-tert.-butyl-benzol, m.p. 17®, b.p. 240® ; acetic compound, 
m.p. 172® (B. 24 , 2974) 

p-Amido-octyl-benzol, m.p. 19®, b.p. 310® ; acetic compound, m.p. 
93® (B. 18 . 135). 


B. Secondary and Tertiary Phenylamines and Phenyl- 
Ammonium Bases. 

Phenyl-alkylamine. — Modes of formation : — (i) The alkyl products 
of aniline, and its homologues, are formed, like the aliphatic amines 
(Vol. I.), by the action of alkyl bromides and alkyl iodides upon primary 
bases, mostly even at ordinary temperatures. They can also be ob- 
tained by heating aniline chlorohydrate, or, better, aniline bromo- 
hydrate (B. 19 , 1939), with alcohols, to 250®, alk^d chlorides or bro- 
mides being first formed, which then act upon the aniline. 

(2) The above method yields the haloid salts of mono- and di- 
alkyl-aniline together. To obtain mono-alkyl-anilines separately, a 
start is made from the aceto-compounds of the primary bases. These 
are dissolved in toluol or xylol, and the calculated quantity of sodium 
is introduced into the solution. Hydrogen is developed, and white 
solid Na acetanilide is formed, and transformed smoothly with iodo- 
alkyls. By saponification of the alkyl acetanilide, the alkyl-aniline 
is obtained : 




Separation of the Primary, Secondary, and Tertiary Bases.— From 
the acid solution of a mixture, the secondary bases are precipitated, by 
sodium nitrite, as oily nitrosamines, while the primary ones become 
diazonium chlorides soluble in water, and the tertiaiy amines become 
chlorohydrates (also soluble) of p-nitroso-dialkjd-anilines. From the 
precipitated nitrosamines the secondary bases can be recovered, by 
means of tin and HCl. Hydro-ferro-cyanic salts (A. 190, 184), and 
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meta-phosphates, may also be used for this separation (B. IO9 795 ; 
22, 605 ; 26 , 1020). 

Phenyl-^kyl-ammonium Bases. — The tertiary phenyl-alkylamines, 
like CeH5N(C,H5)2, may be combined with alkyl haloid to Am com- 
pounds, from which Am hydroxides are generated by action of moist 
silver oxide or lime : 


CeH5N(C,H,)3l gives CeH3N(C3H3)30H. 

In homologous anilines, containing the substituents in ortho-position 
with respect to the amine group, the formation of quaternary Am 
bases is partly difficult, and partly impracticable (B. 83 , 345 ; cp. 84 , 
1129) ; this accords ^^uth a number of other impediments to reaction 
set by ortho-substituents. A number of phenyl-alk^d-ammonium 
bases with three different alkyl radicles, e.g, phenyl-methyl-alkyl-ethyl- 
ammonium hydroxide, may be decomposed by fractional crystallisa- 
tion, of their bromo-camphoro-sulphonic salts, into optically active 
nitrogen compounds. Their solutions, especially in solvents con- 
taining hydrox^d, show a strong tendency to auto-racemisation, thus 
tending to a gradual loss of optical activity. 

Di-alkyl-aniline Oxides. — Prepared from the di-alkyl-anilines, by 
oxidation vnth hydrogen peroxide, or permonosulphuric acid (B. 85 , 
1082). They correspond to trimethyl-amine-oxide (CH,),NO (Vol. I.), 
and the alkyl-piperidin oxides {q.v.). Methyl groups, in the o-position, 
retard the formation of dialkyl-aniline oxides (B. 39 , 4285). With 
acids they form additive salts, e.g. Dimethyl-phenyl-oxy-ammonium- 
chlorohydrate CeH,N(CH3),<^^^^. They easily part with their oxygen, 

and, therefore, act as oxidisers. On heating dimethyl-aniline oxide, 
or its chloroh3^drate, it breaks up into dimethyl-aniline and oxygen. 
But the latter acts as an oxidiser on the former, so that a number of 
other decomposition products are formed. On heating dimethyl- 
aniline oxide with concentrated sulphuric acid, o- and p-dimethyl- 
amido-phenol are generally formed (B. 84 , 12). With nitrous and 
sulphurous acids, addition products are first formed, which, however, 
are immediately transposed into nuclear substitution substances : 
nitro-dimethyl-aniiine and dimelhyl-aniline-sulpho-acid (B. 82 , 342, 
1882). 

Methvl-ethyl-aniline oxide C0H3(CH3)(C2H5)NO has been split 
up, by means of bromo-camphoro-s^pho-acid, into a dextro-rotatory 
and a laevo-rotatory base. This is the first case of a compound of 
5-valent nitrogen occurring in optically active forms, in which not all 
the five valencies are saturated by different radicles. 

Properties and Transformations. — ^The most important compounds 
of this class are the methyl- and ethyl-anilines. Freshly distilled, 
they are colourless, highly refractive liquids, which gradually turn 
brown in the light. They smell somewhat like aniline, but less pleasant. 

The secondary phenyl-alkylamines recall in their behaviour the 
dialkylamines (Vol. I.), (i) They form salts, and combine with the 

halogen alkyls to form haloid salts of the tertiary amines. (2) By 
acid chlorides, and acid anhydrides, the imide hydrogen is made to 
give way to acid radicles. (3) With nitrous acid they yield nitros- 
amines (Vol. I.). 
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The tertiary phenyl-dialkylamines containing an aromatic H atom 
in para-position to the dialkyl-amido-group, show a remarkable mobility 
of this H atom, which enables it to produce a variety of reactions im- 
possible, or difficult, in the case of the primary and secondary anilines. 
The greatest theoretical and technical importance is attached to the 
behaviour of phenyl-dialkylamines towards nitrous acid. The latter 
converts the phenyl-dialkylamines into p-nitroso-compounds. 

The primary, secondary, and tertiary aromatic amines differ in 
their behaviour towards nitrous acid in the following particulars : 

(1) Primary phenylamines gives ifiajaro-compounds, and diazo- 
awtrfo-compounds. 

(2) Secondary pheny 1 -alky lamines give niirosamines. 

(3) Tertiary phenyl-dialkylamines give p-nitroso-compounds. 

Some other reactions of phenyl-dialkylamine are mentioned in 

connection with dimethyl-aniline. 

The methyl- and ethyl-anilines have the following boiling-points 
and densities : 

Honomethyl-aniline, liquid, b.p. 192®, D. 0 976 (15®) 

Dimethyl-aniline, m.p. 0 5®, „ 192®, „ 0 9575 (2o®-24®) 

Ethyl-aniline, liquid, „ 206®, „ 0-954 (18®) 

Diethyl-aniline, „ „ 213-5®, „ 0-939 (18®). 

The methylated anilines are used in industry for the production of 
aniline dyes, and are obtained by heating aniline chlorohydrate and 
methyl-alcohol to 220®, or by leading methyl chloride into boiling 
aniline. 

Methyl-aniline CeHgNHCHa, by reduction of phenyl-carbylamine 
and formaldehyde-aniline. Chlorohydrate, m.p. 122®, obtained from 
the etheric solution of the base with dry HCl (B. 30 , 3134 ; C. 1898, 
II. 479). Not coloured by chloride of lime. On heating to 330® it 
passes into p-toluidin. For methyl-phenyl-nitrosamine and methyl- 
acetanilide, see below. 

By oxidation with hydrogen peroxide or pennon osulph uric acid the 
alkyl groups are split off, from methyl- and ethyl-aniline, and we obtain 
jS-phenyl-hydroxylamine, nitroso- and nitro-benzol azoxy- and azo- 
benzol (B. 35 , 703). 

With formaldehyde and HCl, methyl- and ethyl-aniline form 
C«HBN(CH,)CHaCl and CoH,N(C,H5)CHaCl, which, by reduction, can 
be converted into dimethyl- and methyl-ethyl-aniline (C. 1902, II. 340 ; 
1905, I. 227). 

Dimethyl-aniline C8H8N(CH3)a is also formed on heating bromo- 
or iodo-benzol with dimethylamine to 250®-26o® (C. 1898, II. 478). 
With dry HCl it yields a mono- and a dichlorohydrate, CeHjN(CH,),. 
HCl and CeH5N(CH,)a.2HCl, crystalline bodies deliquescing in moist 
air, which easily give off HCl (B. 30 , 3134). lodo-hydrate, m.p. 112®, 
cp. C. 1898, II. 479. Not coloured by h5q)ochlorite. With methyl 
iodide it combines to form trimethyl-phenyhum iodide CeH3N(CHj),I. 
Treated with nitrous acid it passes into p-niiroso-dimethyl-aniline, and, 
with nitric acid, into p-nitro-dimethyi-aniline. With acetyl ^d 
benzoyl bromides it gives acetyl- and benzoyl-monomethyl-anibne, 
besides trimethyl-phenyl-ammonium bromide (B. 19 , 1947). By 
hydrogen peroxide and permonosulphuric acid it is oxidised to : 
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Dlmethyl^niline oxide C«H5N(CH|)aO, m.p. 153®. Picrate, m.p. 
135** » ohlorohydrate, m.p. 125'". 

Dimethyl-aniline has been introduced into a number of con- 
densation reactions. With chloral it combines to the compound 
(CHj),N[4]CeH4[i]CH(OH).CCl3. With phosgene it passes into 
tetramethyUp-diamido-benxo-phenone [(CH3) jN [4]C3H4[i]] gCO ; with 
formic ester and zinc chloride, into hexamethyUp-leukaniline CH 
[C3H4N(CH3) ; and with benzo-trichloride, into malachite green (q.v.). 

The homologous mono- and dialkyl-anilines behave similarly. We 
may mention Hethyl-ethyl-anlline C3H5N(CH3)(C3H5), b.p. 201®. Its 
compound \nth CH3I is identical with dimethyl-aniline-ethyl iodide ; 
from which, and others, theoretical conclusions can be drawn with 
regard to the equivalence of the five nitrogen affinities (cp. B. S 3 , 1003). 
By heating with KHO, the higher alkyl is split off from these Am 
iodides. 

Methyl-ethyl-aniline oxide CeH3(CH3)(C2H5)NO, from methyl-ethyl- 
aniline and hydrogen peroxide ; colourless and very hygroscopic 
prisms. Chlorohydrate, m.p. 124°; picrate, m.p. 148®. On the split- 
ting of the base into optically active components, see above. 

Alkylene-mono- and dianilines are obtained from dibromo-paraffins 
with anilines ; [i, 4]-dibromides react with formation of cyclic alkylene 
imides, or pyrrolidms (Vol. I.), unless a substituent is in the ortho- 
position to the amido group (“ steric hindrance,'* see B. 32 , 848, 2251). 

Ethylene-monophenyl-diamine NHj.CHg.CHj.NHCeHs, b.p. 263®, 
from phthalimide of potassium (B. 24 , 2191). Ethylene-diphenyl- 
diamine C4H5NH.CH2.CH2.NHC3H5, m.p. 65®. Trimethylene-diphenyl- 
diamine C4H5NH[CH2]3NHCeH5, b.p.^g 28o®-285°, besides Trimethylene- 
phenylimine, from trimethvlene bromide and aniline. 1, 4 -Pentylene- 
di-o-toluidin CH3C3H4NH.CH2.CH2CH2CH(CH3)NHC«H4CH3, b.p.23 

I9i®~i93®. 

Further cyclic alkylene-dianilines like m.p. 

124®, and m.p. 87®, Diphenyl-hydro-glyoxalins 

and -pyrimidins, have been obtained from alkylene-dianilines with 
aldehydes (B. 31 , 328 ; 32 , 223G). 

Alkylidene-dianilines are easily obtained, in cold aqueous solutions, 
from fatty aldehydes (i mol.) and anilines (2 mols.). They are decom- 
posed by mineral acids. The methylene-dianilines, heated with 
concentrated HCl, or the corresponding aniline chlorohydrates, are 
transformed into diamido-diphenyl-methanes (B. 41 , 2145) : 

C,H,NH.CH,.NHC,H, -► [C.H.NH.CHj.C.H^NHJ NH,C,H4.CH,.C,H4NH,. 

The simpler alkylene-dianilines easily pass into the alkylidene-mono- 
anilines, or their transformation products. 

Methylene-diphenyl-diamine CH3(NHC3H5)2, m.p. 65®, b.p.12 160®, 
oxidised writh monopersulphonic acid, gives several fission products, 
and also diphenyl-oxy-form-amidin (B. 35 , 714). Methylene-02- and 
P2-ditolyl-diamine, m.p. 52® and 89®. Ethylidene-diphenyl-diamlne 
CH,CH(NHCeH3)2, m.p. 51®. Trichlor- ethylidene-diphenyl-diamlne 
CCl3CH(NHC3H3)2, m.p. 107®. 

AlkyUdene-monoanJlines are formed by an energetic reaction, by 



SECONDARY AND TERTIARY PHENYLAMINES 91 

combination of equimolecular amounts of fatty aldehydes and anilines, 
with elimination of water ; the simple bodies are mostly unstable oils, 
which at once either polymerise, like formsddehyde-aniline, *or undergo 
aldol-like condensations. 

With sulphurous acid and sodium disulphite, the alkylidene-anilines 
act like the aldehydes, but the reaction is more complicated in the 
higher homologues of the aldehyde derivatives ; from ethylidene-aniline 

we obtain the Na salt of which is also formed from 

acetaldehyde sodium bisulphite, with aniline. The simple, as well as 
the polymeric, alkylidene-anilines easily add hydrocyanic acid, with 
formation of the nitriles of a-anilido-carboxylic acids, also obtained 
by direct transformation of aniline salts, with aldehydes, and CNK 
(B. 37 , 4073 ; 39 , 986, 2796). The aldoloid condensation products, 
on the other hand, do not add HCN ; they behave like di-acid, di- 
secondary bases ; they do add bromine, and must therefore be regarded 
as probably dianiline derivatives of the olefin-glycols, e,g. CH3CH 
(NHCgH5)CH : CH(NHC3H5). These bodies are easily condensed with 
further elimination of aniline to quinolin derivatives (B. 25 , 2020 ; 
A. 316 , 89 ; 318 , 58 ; C. 1902, I. 911). 

Anhydro-formaldehyde-aniline (CH2NCflH5)3, m.p. 140°, obtained 
by mixing formaldehyde solution with aniline in the cold. May be 
reduced to methyl- aniline. Gives with HCN anilido-aceto-nitrile. With 
aromatic amines the anhydro-formaldehyde anilines condense, in the 
presence of chlorohydrates, to amido-bcnzyl-anilines (C. 1900, 1 . 496) : 

CflHgN iCHg-fCeH^NH^ > CeH3NH.CH3CeH4NH3. 

Ethylidene-aniline CH3CH : NC^Hj, an oil, easily adds hydrocyanic 
acid to a-anilido-propio-nitrile, and easily condenses to two stereo- 
isomeric modifications of / 3 -anilido-butylidene-aniline CH3CH(NHC3H5). 
CH : CHNHCeHg, m.p. 126° and 85"", the latter being easily transformed 
into the former. On heating with HCl or acetic acid both give 
quinaldin. With HNO2 they yield two dinitroso-compounds of m.p. 161® 
and 120°. Aldonaniline CH3CH(OH)CH2CH : NC3H5, from aldol and 
aniline, is a reddish, easily decomposed oil ; by treatment with Am2S 

it is transformed into thio-aldo-aniline CH3 .ch(OH)CH,ch nc^h^, 

\s/ 

m.p. 92° (B. 29 , 59). For higher homologues, alkylidene-anilines, 
and aldol-anilines, see B. 33 , 3460 ; 34 , 509 ; C. 1901, II. 582, etc. 

C. Poly-Phenylamines. 

The modes of formation, and the behaviour, of these compounds 
are to be illustrated by di- and triphenylamine. 

Diphenylamine NH(CeH5)2, m.p. 54°, b.p. 310®. (i) This com- 
pound, of importance in the aniline-dye industry, was first obtained 
by A. W. Hofmann, by heating aniline blue, rosaniline, and similar 
dyes (A. 132 , 160). (2) By heating aniline with aniline chlorohydrate 

to 140®, a large-scale industrial process : 

C 3 H 5 NH 3 HCl+CeH 3 NH 3 =NH{C 3 H 3 ),+NH 4 Cl. 

In a similar manner ditolyl-amines have been prepared (C. 1903, 1 . 85). 
(3) By heating aniline with bromo-benzol and copper powder, or 
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cuprous iodide, good quantities of diphenylamine are obtained. It is 
to start from acetanilide, and obtain, first, the acetyl compound, 
from which the free base is easily separated. (4) By heating aryl- 
anthranilic acids, with liberation of CO, (A. 866, 312). The last two 
methods are very suitable for preparing as5anmetrical and substituted 
diphenylamines (B. 40 , 4541). 

Diphenylamine is a crystalline body, of pleasant cd^ur. In water 
it is nearly insoluble, but easily soluble in alcohol and ether. 

It is but a weak base, the salts of which are hydrolysed by water. 
The imide hj^drogen may also be replaced by metals : potassium- 
diphenyl-amine (CeHg),NK (C. 1898, II. 1252). 

Oxidation of diphenylamine with potassium permanganate, or lead 
peroxide, in acetone, or benzol solution, gives teiraphenyUhydrazin 
(B. 39 , 1500). In alkaline solution it is oxidised by potassium per- 
manganate to diphenyUp-azophenylene, or quinone-dianile C^H^N 
= [i]C,H4f4]=NC,H5 (B. 20 , R. 719). Chlorine and bromine change 
diphenylamine into tetra- or hex^alogen substitution products ; 
HNO3 into the hexanitro-products. HgSO, dissolves diphenylamine, 
and the solution colours blue with traces of HNO, (test for the latter). 

Heating with sulphur gives thio-diphenylamine, (q.v.), 

the fundamental body of the ihionin dyes ; heating with aliphatic 
acids to 300° gives acridines (q.v,) like 

Diphenylamine is used for preparing tnphenylrfosaniline 
aniline blue, 

Methyl-diphenylamlne CH3N(C,H5)2, b.p. 292° (A. 235 , 21). 

Phenyl-p-toluidln CaH^NHCeH^CH,, m.p. 87"; Phenyl-m-xylldin 

CeH5NHC,H3(CH3)„ m.p. 43°, by methods 3 and 4. 

TriphenylamlDe (C,H5)3N, m.p. 127°, distils without decomposition, 
formed by heating dipotassium-aniline, or from sodium-diphenylamine 
with bromo-benzol (B. 18 , 2156). The easiest method is by heating 
diphenylamine with iodo-benzol and some powdered copper ; or from 
diphenyl-anthranilic acid by splitting off CO, (B. 40 , 2448). It 
crystallises from ether in large plates. It dissolves in hot H2SO4 with 
intense blue coloration. It does not form salts with acids. Nitro- 
genation gives a trinitro-product, from which, by reduction, triamido- 
Iriphenylamtne is formed (B. 19 , 759). Phosgene gives hexaphenyU 
rosaniline (q.v.). 

p-Tritolyl-amine (CH3CeH4)3N, m.p. 117®, from p-ditolyl-amine 
and p-iodo-toluol. With Br, PCI5, SbCl5, etc., it gives dark-blue, 
unstable addition products, decomposed by water with restoration of 
tritolyl-amine (B. 46 , 4268). 

D. Aniline Derivatives of Inorganic Acids. 

Aromatle thionylamines (Michaelis).— These compounds, corre- 
sponding to the alkyl-thionylamines (Vol. I.), are obtained by the action 
of thionyl chloride upon primary bases, a reaction characteristic of 
these compounds. 

The thionyl-anilines are mostly yellow liquids, not decomposirig 
when boiling, even under increased pressure. They have an aromatic 
odour, pervaded by the sulphur chloride smell. 
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Thlonyl-aniline C^HjN : SO. b.p. 200®, D^ 1 236. Thionyl- 
o-ohloraniline, b.p. 4^ 207® ; m-conipound. b.p. 233** ; p-compound, 
m.p. 36®, b.p. 237®. Thlonyl-o-bromaniline* b.p.4fl 210® ; m-compound, 
m.p. 32® ; p-compound, m.p. 60®. Thionyl-o-nitraniline, m.p. 32®. 

Thionyl-o-toluidin, b.p.joo ^^4® ; m-compound, b.p. 220® ; p-com- 
pound, m.p. 7®, b.p. 224® (A. 274 , 201), etc. 

Phenyl-sulphaminic acid C4H5NHSO3H, known only in its salts, 
formed (i) by the action of SOg or CISO3H upon aniline, in chloroform 
solution (B. 24 , 360) ; (2) by heating aniline with amido-sulphonic 
acid (B. 27 , 1244) ; {3) by combining jS-phenyl-hydroxylamine with 
SO2 : (4) by action of sodium bisulphite, or hydro-sulphite, upon 
aqueous solutions of benzol (C. 1904, 1 . 1380 ; 1906, II. 37). 

C3H5N03+3HS08Na=CeH3NHS03Na+2S04HNa. 

By dilute acids phenyl-sulphaminic acid is easily split up, with 
formation of aniline salts ; while concentrated acids produce transposi- 
tion into the o- and p-aniline-sulpho-acid (B. 30 , 2274). 

p-Tolyl-sulphamlnIc acid is precipitated from solution of its Am 
salts by acids (B. 28 , 3161). p-Chloro-phenyl-sulphaminic acid 
CIC3H4NHSO3H is, on heating, transposed into p-Chloraniline-o- 
sulphonlo acid (B. 34 , 2748). For formation of phenyl-sulphaminic 
acids from anilines with SO*, see C. 1898, II. 195. Sulphanilide 
S03(NHC«H6)3 (B. 28 , 362). 

The aromatic nitroso-amines and nltro-amines are dealt with later, 
before the diazo-compounds. 

Phosphoro-phenylamlnes. Phosph- azo-benzol chloride C^H^N : PCI, 
m.p. I36®~I37®, by action of PCI3 upon aniline chlorohydrate. With 
phenol it yields Pbenoxyl-phosphazo-benzol CeH^N : P(OC3H6). With 
aniline, Pbospbazo-benzol-anilide C3H3N : P.NHCgHg (B. 27 , 490). 
Anilido-pbospboric dicbloride C'eHjNH.POClg. m.p. 84°, from POCI3 
and aniline chlorohydrate (B. 26 , 2939). Ortho-phosphoric anilide 
(CeH5NH)3PO, m.p. 208® (A. 229 , 334). Oxy-phosphazo-benzol- 
anilide C3H5NH.PO : NC3H5, m.p. 357®, is the final product of the 
action of POCI3 upon aniline (B. 29 , 716 ; A. 326 , 129). From aniline 
chlorohydrate and PCI5 we get trichioro-phosphanile C3H3N.PCI3 
(B. 28 , 2212 ; cp. C. 1902, II. 355). 

Sulpho-phosphazo-benzoi chloride C3H3N : PSCl, m.p. 149®. b.p. 
28o®-290®, from PSCI3, and aniline chlorohydrate (B. 29 , 1239). 

Arseno-phenylamines are produced by the action of arsenious 
chloride or bromide upon aniline in ether or chloroform. 

Arsen-anilido-dichloride CeH^NHAsCl^, m.p. 87®. Arsen-anilido- 
dibromide, m.p. 112®. Arsen-dianiiido-monochloride {CeH5NH)j5AsCl. 
m.p. 127®. Arsen-anilido-dimethyl-ether CeH6NIIAs(OCH3)„ b.p.j, 55® 
(A. 261 , 279), 

Silico-tetraphenylamide Si(NHCeH5)4, m.p. 137® (B. 22 , R. 746), 
passes on heating into Siiico-diphenylimide Si(NXeH3)3 (C. 1903, 1 . 572). 

E. Carboxylic Derivatives of the Aromatic Primary and 
Secondary Amines. 

In the introduction to the fatty acids, it was explained, by the 
example of acetic acid, which nitrogen derivatives could be obtained 
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by changes in the carboxyl group. The first category of compounds 
are the carboxylic amides, which may be variously interpreted, 
according to the formulae : 

I. 

The imido-ethers are derived from formula II. 

Many such fatty-acid derivatives have been obtained, by starting 
from aniline and its primary homologues. For the acid amides of 
secondary bases only formula I. need be considered. In a primary 
amine the two H atoms may be replaced acid radicles. 

The introduction of the second acidyl group is facilitated by 
o-substituents in the aniline nucleus, which otherwise retard the 
entry of the first acidyl group (C. 1901, I. 836). 

To the acid amides correspond the thiamides and iso-thiamides : 

'• “<■ “• 

These classes of bodies are followed by the amido-chlorides, the 
imido-chlorides, and the amidins. 

Anilides of mono-basie fatty acids. — ^The anilides or phenylamides 
of the fatty acids are produced by the same methods (Vol. I.) as the 
acid amides themselves : (i) by heating the aniline salts of the fatty 
acids ; (2) by the action of aniline upon esters ; (3) upon acid chlorides ; 
(4) upon add anhydrides; (5) by action of acid esters upon Cgllg 
NHMgl (C. 1904, H. 201). 

The acid amides are very stable : they mostly distil without decom- 
position, and can be chlorinated, brominated, and nitrogenated direct. 
They sers’e for the simple and quick identification of the aromatic 
bases. By heating with alkalies, or with HCl, the anilides are again 
split into their components. Boiling with sulphur converts them 
into benzol-thiazols (g.v,). 

The secondar}^ anilides, like the secondary alkyl-anilines, form 
nitroso-anilides with nitrous acid. With phenol, and sulphuric acid, 
they give the nitrosamine reactions, but they are much less stable 
than the nitrosamines of the secondary anilines ; by reducing agents 
the nitroso-group is split off again. With hypochlorous and hypo- 
bromic acids, the hydrogen attached to the nitrogen of the anilides 
may be replaced by halogens: CeHj.NCl.COCHg ; these nitrogen 
haloids are easily transposed under the influence of HCl, or sunlight, 
into anilines with nuclear substitution, e.g. 

CeHjNCl(COCH,) ► C\[4]C^U^}^UCOCU^ 

(B. 82, 3573 : C. 1903, I. 21, 141). 

Formanillde CeHjNH.CHO, m.p. 46°, b.p. 284** (A. 270 , 279), is 
produced on boiling aniline with formic acid, or during rapid heating 
of aniline with oxalic acid. It is soluble in water, alcohol, and ether. 

Salts and alkyl derivatives . — From the aqueous solution, NaHO 
precipitates Sodium formanillde CeH^N : (CHONa), in a crystalline 
form, and with methyl iodide this gives Methyl formanillde 

m.p. 12*5®, b.p. 253®. By heating with alcoholic potash, 
or HCl, the latter is split into acid, and methyl-aniline (B. 21, 1107). 
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Silver formanlUde C^HjN : CH(OAg) is precipitated from the alcoholic 
solution of the sodium compound with silver nitrate, and passes, in 
the presence of methyl iodide, into Methyl Iso-formanllide C^H^.N : 
CHOCH3, b.p. 196®, which, on heating, is transposed into the isomeric 
methyl formanilide (B. 23 , 2274, R. 659). But the silver salt gives N 
derivatives with acid chlorides, like benzoyl chloride (B. 29 , R. 1141). 
Ethyl Iso-formanillde, ethoxy - methylene - aniline, C3H5N : CHOCgHg, 
b.p. 212®, is also obtained by prolonged boiling of aniline with 
ortho-formic ester, besides diphenyl formamidin (A. 287 , 360). 

Acetanilide, antifehnn C3H5NHCOCH3, m.p. 114®, b.p. 295®, gene- 
rated by boiling aniline with glacial acetic acid (B. 15 , 1877) 
from aniline with acetyl chloride, acetic anhydride, or thio-acetic 
acid ; the last of these agents has been found very useful for intro- 
ducing acetyl groups into aniline (B. 35 , no). 

Acetanilide is also formed from malon-anilic acid by rejection of 
COg. A notable method is by treating the isomeric aceto-phenone 
oxime with sulphuric acid at 100® (B. 26 , 2581) : 

CeH5C:(NOH).CH3 ► CeH3NH.CO.CH3. 

Crystallised from water, in which it is not easily soluble in the cold, 
acetanilide does not form white flakes. It is used as an anti-pyretic 
and anti-rheumatic. For action of PCI5 see A. 184 , 86. Heating 
with sulphur produces bis-thiazol {qx\), 

Brom-acetanilide, m.p. 131®, yields indigo [q.v,) on melting with 
caustic potash in air. 

Salts. — The chlorohydrate is decomposed by water. On heating, 
it passes into diphenyl-acet-amidin, flavanilin [q.v.) and dimethyl- 
quinolin (B. 18 , 1340). With sodium ethylate, on heating, it is con- 
verted into ethyl-aniline and sodium acetate (B. 19 , R. 680). 

Sodium acetanilide C3H5N : C(ONa)CH3, by action of sodium upon 
the xylol solution of acetanilide, yields mono-alkyl-acetanilides with 
alkylene iodide, and from these the mono-alk\ 1-anilines may be obtained 
(B. 10 , 328 ; 23 , 2587). The same acetanilides are produced by the 
action of acetic anh3^dride upon the secondary bases. But acetanilide, 
heated with silver oxide, methyl iodide, or dimethyl sulphate, yields 

Aceto-phenyl-imido-methyl-ether b.p. 197® (C. 1901, I. 

1043; A, 833 , 293). Mercurio-acetanilide (CeH5NCOCH3)2Hg (B. 28 , 

R. 113). 

Methyl-acetanilide, exalgin, m.p. loi®, b.p. 253 (anti-neuralgic). 
Ethyl-acetanilide, m.p. 54°, b.p. 258®. n-Propyl-acctanilide, m.p. 47®, 
b.p. 266® (B. 21 , 1108). 

Substituted Acetanilides. — ^The action of Cl, Br, and HNO3 upon 
acetanilide produces o- and p-derivatives. 

Formyl acetanilide CeH5N(COH)(COCH3), m.p. 56®, from mercurio- 
formanilide and acetyl chloride (B. 29 , R. 1155). 

Diacetanilide C3H3N(COCH3)„ m.p. 37®, b.p.n 142®, by heating 
acetanilide with acetyl chloride to i70®-i8o®, or with acetic anhydride ; 
also by boiling phenyl-mustard oil with acetic anhydride (B. 27 , 91 : 
28 , 1665). Its physiological effects are similar to those of acetaniUde 
(B. 81 , 2788). 

Concerning transpositions of diacetanilide into p-Acetamido- 
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aeetopbenone, {CH3CO),NCeH» ► CH8CONHCeH4COCH„ see C. 

1902, II. 355 ; 1903. 1 . 1222. 

The acetic compounds are distinguished for their power of crystal- 
lisation. They serve as means of recognising many primary and 
secondary aromatic bases. Hence the melting-points of many 
acetic compounds have been quoted in connection with the bases 
concerned. 

Thio-anilides are formed from the anilides with PjSg ; or from 
amidins and isonitriles with HjS ; or from phenyl-mustard oil with 
magnesium-alkyl iodides. 

Thio-tormanilide C^H^NHCHS melts at 137®, with decomposition 
into HjS and phenyl iso-cyanide (B. 11, 338 ; A. 192 , 85). For 
homologous thio-formanilides, see B. 18 , 2292. 

Thio-aoetanilide, m.p. 75°, oxidised with potassium ferricyanide, 

passes into Amido-thlo-phenol C,H4<^^C.CH3 (B. 19 , 1072). Thio- 

anilides of homologous fatty acids, B. 36 , 587. Methyl-thio-acetanllide, 
m.p. 59®, b.p. 290®. 

Methyl-iso-thio-acetanilide , b.p. 245®, Ethyl-iso- 

thio-acetanilide, b.p. 250®, formed by action of sodium alcoholate and 
alk^’l iodides upon thio-acetanilide. On shaking with HCl they 
decompose into aniline chlorohydrate and ihio-acetic ester (Vol. I.) 
(B. 12 , 1061). 

F. Phenylated Amidixs of Formic Acid and Acetic Acid. 

Besides the general methods of amidin formation, enumerated 
in Vol. I., the phenylated amidins are prepared by action of PCI3 or 
HCl upon a mixture of aniline and anilide, with liberation of water 
(B. 15 , 208, 2449) : 

C,HjNHCOCH,+C,H,NH,=^'”‘^”)C.CHs+H, 0 . 

They are feeble bases, and combine with i equiv. HCl to form 
salts. On boiling with alcohol they decompose into aniline and 
arid anilides. 

Diphenyl - formamidin, methenyl - diphenyl - diamine C3H5N : CH. 
NHC^Hfi, m.p. 135®, by heating aniline to 180® with chloroform or 
formic acid; from hydrocyanic sesqui-chlorohydrate (CHN)2(HC1)8 
writh aniline (B. 35 , 2498) ; or by boiling phenyl-iso-cyanide C^Hj.NC 
with aniline. It crystallises from alcohol in long needles, and distils 
at about 250®, with partial decomposition, into benzo-nitrile and 
aniline. 

Di-aryl-formamidins are distinguished from the amidins of the 
higher carboxylic acids by their superior j^wer of reaction. With 
the CHj group of malonic ester, aceto- acetic ester, and similar sub- 
stances, they react with liberation of aniline, and formation of 
aniline-methylene derivatives like: CeHjNHCH : C(C03R), Anilino- 
methylene - li^onlc ester, CeHsNHCH : C(C0CH8)C03R Aniline- 
methylene-acetic ester, etc. (B. 35 , 2505). 

Dlphenyi-ozy-fonnamidin melts without water at 131^; formed 



PHENYLATED CARBYLAMINES 


97 


from methyl-iso-formanilide with j 3 -phenyl-hydroxylamine,; also from 
methylene-diphenyl-hydroxylamine by withdrawing HjO, by means 
of anhydrous copper sulphate. Acetic anhydride transposes it into 
diphenyl-urea CeHgNH.CO.NHCflHg (B. 35 , 1451, 1874). 

Diphenyl-ethenyl-amidin melts at 131®, formed by addition of 
CHg.Mgl to carbo-diphenyl-imide (j.v.). 

Phenyl-ethenyl-amidin C^Hg.N :C(NH2).CH3, from aceto-nitrile and 
HCl-aniline (A. 184 , 362 ; 192 , 25) (Vol. I.) is liquid. 

Phenylisuretin CgHgNH.CH : NOH, m.p. 138®, from formyl- 
chloridoxime (Vol. I.) with aniline (B. 27 , R. 745). 

Phenylated Carbylamines (Vol. I.). — Phenyl-isoeyanide,^A^ny/- 
carbylamine, boils, at atmospheric pressure, at with strong poly- 
merisation, below 20 mm. at 64® without change. The colourless 
liquid, Di 5 0*977, soon colours a light blue, then dark blue, and turns 
resinous. Phenyl-isocyanide is formed from aniline and chloroform, 
with alcoholic potash, also by heating thio-formanilide. Phenyl- 
carbylamine has an abominable and clinging odour, tastes bitter, and 
causes headache and flow of saliva. It behaves as follows : — Heating 
to 220® transposes it into henzo-niirile C^HjCN. Nascent H converts 
it into methyl-aniline. With HCl in dry ether it gives phenyl-imido- 
formyl-chloride ; with glacial acetic acid, formanilide ; with SH^ at 
100®, thio-formanilide ; with sulphur at 130®, mustard oil ; with anfline 
at 170®, diphenyl-formamidin ; with chlorine, isocyano-phenyl-chloride 
or phenyl-amido-carbonyl-chloride; with phosgene, mesoxanilimido- 
chloride ; with acetyl chloride, pyro-racemic anilide chloride (Nef, 
A. 270, 274). o-Tolyl-isocyanide, b.p.je 75®, 0,4 0*968. p-Tolyl- 
Isocyanide, b.p.32 99* (B. 27, R. 792). 

Phenylamine Deriva'iives of Oxv- acids. — These compounds are 
capable of some condensation reactions, in which the benzene H atom, 
in or//?(?-position to nitrogen, often takes part, so that heterocyclic 
compounds are formed. The acids are obtained by heating the corre- 
sponding halogen fatty acids with anilines (cp. B. 30 , 2303, 2464, 3169 ; 
31 , 2678). Their nitriles are formed : (i) by addition of HCN to the 
alkylidene-anilines ; (2) from the bisulphite addition-products of the 
latter with CNK (C. 1902, II. 315 ; B. 37 , 4073) ; (3) by heating the 
aldehyde and ketone cyano-hydrins with auiiline ; (4) by direct trans- 
formations of aniline salts with aldehydes, or ketones, and CNK (B. 39 , 
986, 2796). 

Anilido-acetic acid, phenyl-gly cocoll, phenyl-glycin C4H5NHCH2 
COOH, m.p. 127®, by heating chloro- or bromo-acetic acid ^^^th aniline 
and water (B. 10 , 2046 ; 21 , R. 136). Its alkyl esters are obtained by 
heating aniline with chloracetic ester or dichloro-vinyl ether in aqueous 
suspension (C. 1908, I. 1006 ; II. 358), or by action of diazo-acetic 
ester upon aniline. Its nitrile, m.p. 43°, is formed (i) from anhydro- 
formaldehyde-aniline with absolute HCN ; (2) from its bisulphite com- 
pounds with CNK ; (3) from formaldehyde-cyanhydrin with aniline ; 
(4) from aniline chlorohydrate, formaldehyde, and CNK (C. 1902, II. 
315 ; 1903, I. 208 ; 1904, I, 1308). By heating the free acid to 
150® we obtain Dlphenyl-glycin-anhydride or diphenyMiacipiperazine 

m.p. 263* (B. 26 , 2270). Phenyl-glycin 

'CO—CH, 

possesses industrial importance, since, on melting with caustic potash, 
VOL. II. - H 
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or, better, sodium amide, it passes into indoxyl which, 

in air, easily oxidises to tttdigo. 

Distillation of calcium anilido-acetate with Ca formate gives indol 

Besides phenyl-glycin we obtain from aniline and chloracetic acid 
Diglycol-phenyl-amidic acid, anilino-diacetic acid C,H5N(CHtCOOH)2, 
m.p. 150°- 155°. Oxidised with Mn04K it gives Formyl-phenyl-glycin 
C,HsN(CHO)CH,COOH, m.p. 125°. It is better obtained from phenyl- 
glycin by heating with formic acid (B. Sd', 1647), 

Diglyeol-phenyl-amldle anhydride C4HeN(CH2C0)20, m.p. 148° 
(B. 25 , 2272) : imide, C,HjN(CHjCO)2NH, m.p. 158° (B. 22 , 1809) ; 
anfle C,HsN(CH2CO)2NC2Hs, m.p. 152° (B. 22 , 1802). Isomeric with 
diglycol-phenvl-amidic acid is Diglycol-anille acid 

A Cx Xi j w O j H 

m.p. iiS°, from diglycolic anhydride and aniline. With acetyl chloride 
it passes into Diglycolic anile 0(CH2C0)2NX6H5, m.p. ii6°, isomeric 
\^ith diglycol-phenyl-amidic anhydride (A. 273, 66). Thlo-dlgb col- 
anlUc acid and anilide, see A. 273, 70. 

Hethyl-phenyl-glycin CjH5(CH3)NCH2COOH, by heating methyl- 
aniline with chloracetic acid. The nitrile, b.p. 266°, is obtained by the 
action of methyl-aniline upon formaldehyde-cyano-hydrin. Amide, 
m.p. 163® (B. 37 , 2636). 

Dlmethyl-phenyl-betain CgHsN(CH3)2CH2Co6-f-H20, m.p. 124°, by 
the action of chloracetic acid upon dimethyl-aniline. On heating it is 
transformed into Methyl-phenyl-glycocoll-methyl ester, b.p.^o 141®. 

o-Nltro-phenyl-glycin N02[2]CeH4[i]NHCH2C02H, m.p. 193®. 

a-AnlUdo-proplonic acid, phenyl-alanin CeH 5 NHCH(CH 3 )COOH, 
m.p. 162®, is obtained from its nitrile, the transformation product of 
ethylidene-cyano-hydrin wnth aniline, and of ethylidene-aniline with 
HCN (B. 15 , 2036 ; 23 , 2010 ; 25 , 2032). a-Anllldo-butyrlc acid 
CeH3NHC(CH3)2COOH. m.p. 185®; nitrile, m.p. 94® (B. 39 , 989). 
jS-Anllldo-proplonic ester, b.p.jp 175®, from j3-lodo-proplonlc ester (B. 
29 , 514). jS-Anilido-ahphatic acids are also formed by attachment of 
aniline to olefin-cai boxylic acids (B. 36 , 1262). 

Dianllido-acetic acid (CeH5NH)2CHCOOH, m.p. 88®-93®, by action 
of aniline upon diacetyl-glyoxylic acid. It easily splits off i mol. 
aniline and forms glyoxylic acid anil. Heating with aniline and its 
chlorohydrate, it is transformed into p, p-diamido-diphenyl-acetic acid 
(3.V.) (B. 41, 3031, 4264). 

Aniline Derivatives of Ketone-Carboxylic Acids. — Pyro- 
lacemle anilide CHj.CO.CONCfHg, m.p. 104°. Pyro-racemie anilide 
ehloride CHj.CO.CCl ; NC,H,, m.p. 136°, from phenyl-carbylamine 
{q.v.) and acetyl chloride (A. 270 , 299). Anile-pyro>raeeniiie acid 


C,H,N : C<^ 


CM, 

COOH 


, m.p. 122° with decomposition, formed from aniline 


and p5n-o-racemic acid in ether (A. 263 , 126) ; passes easily into 
aniU-uuiUminic acid, a derivative of quinolin. 

Aeeto>aeetie anilide CH,CO.CH,CONHC,Hj, m.p. 85®, formed from 
aceto-acetic ester and aniline at 130®. May be condensed to y-methyl- 
earbosty^ (g.v.). Anlle-aceto-aeette ester, ^henylrimido-butyric ester 



ANILINE DERIVATIVES OF CARBONIC ACID 


99 


c,H,N : or /S-AnUldo-erotonle ester nhc^chcq,c,h, 

b.p.10 165°, from aniline and aceto-acetic ester at ordinary tempera- 
tures. It adds HCN, like the alkylidene-anilines, which speaks for 
the anile formula (B. 85 , 2080). By alkalies, and acids, it is split up 
into its generators. By heating at ordinary pressures it may be con- 
densed to y-oxy-quinaldin {q,v,) and phenyl-lutidone-carboxylic acid 
{q.v,) (B. 20 , 947, 1398 ; 22 , 83). A similar behaviour is shown by the 
tolyl-amido-compounds. 

Aniline Derivatives of Carbonic Acid. — ^The numerous com- 
pounds of this class are treated in the same order as the amine and 
alkylamine derivatives of carbonic acid, with which they can be thus 
most conveniently compared (see Vol. I.). 

Carbanillc acid, phenyl-carhaminic acid, is unknown in the free state. 
Its salts are obtained by the action of very dilute alkalies, or alkaline- 
earth hydroxides, upon phenyl isocyanate. On .acidulating, even 
with carbonic acid, the salts immediately break up into aniline and 
COg. Their esters, the Phenyl-urethanes, are obtained : (i) from 
aniUne and chloro-carbonic acid esters (B. 18 , 978) ; (2) from car- 
banile and alcohols (B. 3 , 654) ; (3) from urea chlorides and alcohols 
(B. 24 , 2108) ; (4) from benzoyl azide with alcohols (cp. Vol. I., and 
B. 29 , R. 181). 

Methyl ester CeHgNH.COgCHa, m.p. 47®, with sulphuric acid passes 
into amido-sulpho-benzoic ester (B. 18 , 980). Ethyl ester, m.p. 52®. 

Urea chlorides are formed from secondary aromatic bases, and 
phosgene in benzene solution (B. 23 , 424). Phenyl-urea chloride 
CjHjNH.COCl, m.p. 59®, and bromide, m.p. 67® (B. 28 , R. 777). 
Methyl-phenyl-urea chloride {CH3)(CeH5)N.COCl, m.p. 88®, b.p. 280®. 
Diphenyl-urea chloride (QHgjgN.COCl, m.p. 85®. With benzene and 
A 1 chloride they pass into the amides of benzoic acid (B. 20 , 2118 ; 

24 , 2108) ; cp. the syntheses of aromatic carboxylic acids. Sodium, 
in ether, converts di-p-tolyl-urea chloride, m.p. 102®, into a tetra- 
substituted oxamide (B. 25 , 1819, 1825). 

Phenylated Ureas. — Phenyl-urea NHgCONHCgHg, m.p. 144° : (i) 
from cyanic acid and aniline, by evaporation of a solution of aniline 
chlorohydrate with potassium isocyanate (B. 9 , 820) ; (2) from am- 
monia and carbanile, 

Sym. alkyl-phenyl-ureas are produced by the action of aniline 
upon isocyanic ester, or of phenyl isocyanate upon alkylamine. 
Sym. alkyl-phenyl-urea CgH^NHCONHCgHj, m.p. 99®. 

Asym. alkyl-phenyl-ureas from alkyl-aniline chlorohydrate and 
potassium isocyanate, as ethyl-phenyl urea, m.p. 62®. 

Sym. diphenyl-urea, carbanllide CO(NHC3H5)2, m.p. 235®, b.p. 
260®, formed (i) from phosgene and aniline (B. 16 , 2301) ; (2) from 
phenol isocyanate and aniline (A. 74 , 13) ; (3) from s-diphenyl- 
sulpho-urea, with mercuric oxide, or alcoholic potash (A. 70 , 148) ; 
(4) from aniline, and urea at 170® ; (5) from monophenyl-urea, and 
aniline at 190® (B. 9 , 820) ; (6) from cUphenyl carbonate, with aniline, 
at 170® (B. 18 , 516) ; (7) from oxanilide, by heating with HgO (M. 

25 , 375) ; (8) from phenyl isocyanate and water, carbanilide forms 
needles of a silky lustre, easily soluble in alcohol and ether, slightly 
soluble in water. 
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as-Diphenyl-urea C,HtNH.CO.N(C,H{),, m.p. 132**, and Tetra- 
phenyl-uraa (C,Hj),N.CO.N(C,Hj)^ m.p. 183“, are also obtained 
from diphenyl-urea (B. 87 , 963). 

Cyclic Alkylene-Phenyl-Urea Derivatives (cp. Vol. I.). — 

Ethylene-phenyl-urea, see B. 24 , 2192. Trlmethylene-pbenyl-urea 
(B. 28 . 1173). 

Bthylene-earbanaide “ P- (B. 20 , 784). Trl- 

methylene-earbanilide, m.p. 153° (B. 20 , 783). 

Urnds of the Phenylaied Ureas of Mono-carboxylic Acids. — Aeetyl- 
phenyl-urea CH,CONH.CO.NHC,Hj, m.p. 183°, from phenyl-urea 
with acetic anhydride or acetyl diloride (B. 8, 1181), and from 
phenyl isocyanate and sceto-chloramide (C. 1904, I. 241). Acetyl- 
earbanOide C,H*NH.CO.N(COCH,)C,H,. m.p. 115° (B. 17 , 2882). 

Uretds of Oxy-acids. — Glycol-phenyl-urea, phenyl-hydantoin, m.p. 
194°, from phenyl-glycin and urea at 160°; also from chloracetyl- 
urethane with aniline (C. 1899, II. 420 ; /. pr. Ch. 2, 66, 231 ; homo- 
logues, see C. 1906, I. 461). Diphenyl-hydantoin, m.p. 139° (B. 25 , 
2274). 

Pleny'ated Pseudo-Urea Derivatives are obtained from phenylated 
cyanrmides, with alcohols and HCl, as are the imido-ethers from 
nitrih s. 

Hetbyl-phenyl-iso-nrea CjHjNHCpCHj) : NH, see C. 1901, II. 
919. Etbyl-pbenyl- iso -urea CjHjNH.CiOCjHs) : NH, b.p.i# 138*. 
Et^I-pbenyl-metbyl-iso-urea C,HjN(CH3).C(OCjHj) : NH, b.p.*, 137* 
(B. 82 , 1494; 88, 807). Ethyl-dipbenyl-iso-urea, anilido-phenyl- 
carbaminic ethyl ether C^HjN : ClOCjHjlNHCjHs, an oil, b.p.^ 200®. 
Hetbyl-ditolyl-Iso-urea, m.p. 48°, b.p.ji 199°, generated from the car- 
bodi-phenylimides with alcohol at i8o°-i90°, or, better, with Na 
alcoholates, give with HCl addition products. By acids they are 
easily split up, but with alkalies and amines they are stable (C. 1899, 

l. 828). Tripbenyl-cbloro-carbamidln j 92 °. formed 

by action of PCI, upon triphenyl-uiea ; gives, with Na ethylate, 
e^yl-iso-triphenyl-urea C,H,N ; C(OCjH,)N(C,H4),, m.p. 49® (B. 
87 , 964). 

Phenylated Ur elds of Carbonic Acid, — Pbenyl-allopbanic ester 
C,H,NH.CO.NHCOsC,H„ m.p. 120® (/. pr. Ch. 2, 82 , 18). Dlpbenyl- 
idlophauic acid, see B. 4 , 246. Sym. Phenyl-biuret C,H,.N : (CONH,)„ 

m. p. 192®, from phenyl-urea eind PCI,. as-Pbenyl-biuret C,H,NH. 
CONH.CO.NH,, m.p. 167® (A. 852 , 73). Diphenyl-biuret C,H,NH. 
CONH.CO.NHCeH,. m.p. 210® (B. 4 , 265), by heating phenyl-urea 
with excess of phosgene. Triphenyl-biuret, m.p. 147® (B. 4 , 250). 

Phenylated Hydroxylamine and Hydrazin Derivatives of 
Urea.— Phenyl-hydroxyl-urea C.HgNH.CO.NHOH, melts at 140® with 
decomposition, formed from carbonile and hydroxylamine chloro- 
hydrate (A. 2 ^, 264). 

Phenyl - semlcartozide, phenyl - carbaminic hydraxide C,H,NH. 
CO.NH.NH,, m.p. 120®, isomeric with carbamic phenylhydrazide (q.v.), 
in mrA (j) from its acetyl derivative, m.p. 169®, formed on boilmg 
boizo-acid with aceto-hydirazide in acetone, with filiation of nitrogen : 

C,H,CON,+NH,NH.COCH,-C.H,NH.CO.NHNH.COCH, 1 N, ; 
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(2) by splitting up acetone phenyl-semicarbazone (CH8)2C : NNH. 
CO.NHCeHj, which is easily obtained by heating aniline with acetone 
semi-carbazone (B. 88, 831) ; (3) from phenyl-urea with hydrazin 
hydrate. 

Hydrazi-dicarbon-anfflde CeHjNH.CO.NHNH.CONHCeHj, m.p. 
245®, from phenyl-semicarbazide by heating ; it is oxidised to azo- 
dl-carbon-anillde CeHgNHCO.N : N.CONHCeHg, m.p. 183®. Phenyl- 
carbamio azide C^HgNH.CONj, m.p. 104®. In contrast with other 
carboxylic azides it is split by water, or alcohol, into nitrogen hydride, 
and carbaminic acid, and their esters (/. pr. Ch, 2, 88, 205). 

Phenylated Derivatives of the Thio-carbaminic Acids and of 
Thio-urea.— Phenyl-carbaminic thlo-methyl ester CgHj.NH.COSCHg, 
ni.p. 83®, and ethyl ester, m.p. 74®, from diphenyl-amiin-thio-alkylene, 
heated with dilute sulphuric acid to 180® (B. 15 , 339). 

Phenyl-thioiiret^ me, xamhogen-anilide, thio-curbanilic ethyl ester 
CeH^NHCS.OCaHg or CeH^N : C(SH)OC2H5, m.p. 71®, from phenyl- 
mustard oil, with alcohol at 120®, or with alcoholic potash. With 
primary and secondary bases it changes into phenyl-sulpho-ureas. 
On distilling, it decomposes into phenyl-mustard oil and alcohol 
(B. 15 , 1307, 2164). Oxidised with alkaline potassium ferri- 
cyanide, it passes into eihoxy-musiard oil and ethoxy-benzo-ihiazol 

C,H4<^g ^ C.OCjH,. In alkalies it dissolves like the phenol-thio-ureas, 
and makes metallic compounds with silver, mercury, and lead. 

Phenyl-imido-thio-carboxylic acid is unknown. Its 

ethers are formed by the action of alkyl iodides upon the metallic com- 
binations of the phenyl-sulphur-ethanes and upon the free phenyl- 
sulphur-ethanes. A similar behaviour is shown by the thio-acetanilides 

and the phenyl-sulpho-ureas. Ethyl-methyl ester 

b.p. 260®. Diethyl ester, m.p. 30® (A. 207 , 148). 

Phenyl-dithio-carbaminic Acid Derivatives. — The free acid, 
precipitated from the potassium salt, decomposes into aniline and 
SCj. Its potassium salt, C8H6NHCSSNH4, is formed from aniline, 
CSj, and aqueous ammonia (/. pr. Ch, 2, 65 , 369). For further 
aryl-dithio-carbaminates, see B. 40 , 2970. 

Phenyl-dithio-carbaminic methyl ester, m.p. 87®, and phenyl-dithlo« 
urethane, m.p. 60°, formed by heating phenyl-mustard oil with mer- 
captans, which split again at higher temperatures. They dissolve in 
alkalies 

Ethyl-phenyl-dithio-uretbane (C2H5)CgH5NCSSCjH5, m.p. 68“, b.p. 
310“, from diphenyl-pseudo-ethyl-thio-urea, with CS, at 160“. This 
compound is very stable, does not dissolve in alkalies, and is not freed 
from sulphur by HgO, or alkaline lead solutions. On heating with 
methyl iodide the phenyl-dithio-urethanes, like phenyl-thiourethane, 
and diphenyl-sulpho-urea, form addition products. 

Phenyl-thiuram-sulphide S(CSNHCeH*)j, m.p. 137“ (B. 24 , 3023). 

Methyl-phenyi-thio-carbamine chloride (CH,)C.H,N.CSC 1 , m.p. 35“, 
from methyl-aniline and thio-phosgene (B. 20 , 1631). 

Phenyl - sulpho - ureas. — Phenyl - sulpho - urea, sulpho-carbanile- 
amide NH,CSNHC»H„ m.p. 154“, from phenyl-mustard oil and ammonia. 
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or from ammonium phenyl-dithio-carbaminate with Pb carbonate 
(/. i>r, Ch. 2, 65 ^ 369). On boiling with silver nitrate it passes into 
phenyl-urea ; with HgO into phenyl cyanamide ; with bromine, in 
chloroform solution, phenyl-thio-urea gives the bromide of a disulphide 
CeHjN : C(NH2)SSC(NH,) : NCeH^, m.p. 128® (B. 84 , 3130) ; with 
methyl iodide it combines to form the iodo-hydrate of n-phenyl- 
methyl-pseudo-thio-urea. With acetic anhydride the unstable as- 
phenyl-acetyl-thio-urea, m.p. 145'', is formed at first, which, on heating 
above the m.p., is transformed into the symmetrical variety 
CeH5.NH.CSNH.COCH,, m.p. 171° (C. 1902, I. 1300 ; 1908, 1 . 1541). 
These reactions are generally applicable to aromatic thio-ureas. 

s-Diphenyl-sulpho-orea, sulphchcarbanilide CS(NHCeH5)2, m.p. 
151®, brilliant colourless flakes, easily soluble in alcohol (B. 19 , 1821). 
Formed ; (i) from phenyl-mustard oil, and aniline, in alcoholic solution ; 
(2) by boiling aniline with CS,, and withdrawing SH,. The formation 
of the urea is greatly favoured by the addition of sulphur or hydrogen 
peroxide (B. 39 , 4369). 

Reactions of sulpho-carbanilide are known in great number : — 

(1) Iodine converts it into sulpho-carbanile and a-triphenyl-guanidin. 

(2) Boiling with concentrated HCl splits it up into phenyl-mustard oil, 

and aniline (B. 16 , 2016). (3) Extraction of sulphur with HgO pro- 

duces the s^Tnmetrical diphenyl-urea. (4) In benzene solution with 
HgO, carbo-diphenyl-imide is formed. (5) With ammonia, and Pb^O, 
we obtain diphenyl-guanidin ; with aniline, triphenyl-guanidin ; with 
hydroxylamine, oximido-diphenyl-urea (CeH5NH)2C : NOH ; with 
hydrazin hydrate, in the presence of alkalies, amido - diphenyl- 
guanidin, etc. 

Phenyl- and symmetrical diphenyl-sulpho-ureas, dissolved in alkalies, 
form salts in which the metal adheres to the sulphur (cp. thio- 
acetanilide). 

As to alkyl-phenyl-sulpho-ureas, see B. 17 , 2088 ; 23 , 815 ; 26 , 1686. 
as-Diphenyl-sulpho-urea, m.p. 198°, from diphenyl-amine-rhodanide 
(B. 26 , R. 607). Triphenyl-thlo-urea, m.p. 152° (B. 17,2092). Tetra- 
phenyMhio-orea (C,H5),N.CS.N(CeH5)2, m.p 195°, is generated by 
heating triphenyUguanidin with CS, (B. 15 , 1530). 

Phenyl-sulpho-hydantolns. — While the product formerly taken for 
thio- or sulpho-hydantoin has turned out to be pseudo-hydantoin, 
aromatic phenyl-sulpho-hydantoins have become known (B. 3278). 

Phenyl-a-metbyl-salpho-hydantoin 

or HSC { , m.p. 184°, by melting phenyl-mustard oil 
and alanin together. 

Phenylated Pseudo - sulpho - urea Derivatives. — Such com- 
pounds are obtained, e.g., from phenyl- and S5anmetrical diphenyl- 
sulpho-urea by the action of alkyl iodides and caustic potash, or, 
better, by heating with alkyl iodides or bromides in alcoholic solution 
(B. 25 , 48). In the latter case we get the iodo-hydrate of a base 
which is precipitated by sodium-carbonate solution, and may again 
add halogen alkyl. On heating with alcoholic potash, the imido* 
phenyl-carbaminic thio-ester splits off mercaptans. 

n^Phenyl-matbyl-pseado-thlo-araa, tmido-phenyl-carbaminic thio^ 
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methyl ester m.p. 71®. Sym, diphenyl -pseudo - 

methyl - thio - urea, phenyUimido-phenyUcarbaminic thio-methyl ester 
m.p. no®. On heating with dilute sulphuric acid, 

both yield phenyl-carbaminic thio-methyl ester, which proves the 
adhesion of the methyl to sulphur. With alcoholic ammonia at 120°, 
phenyl-guanidin and mercaptan are formed. Heated with CSg. the 
diphenyl-pseudo-methyl-thio-urea passes into phenyl-mustard oil and 
phenyl-dithio-carbaminic ester (B. 15 , 343). Phenyl-pseudo-methyl- 
thio-urea gives, with acetyl chloride, an as-acetyl derivative, m.p. 86®, 
which, on heating, passes into the symmetrical form (C. 1902, I. 1300). 

With CH2I2, CHaBr.CH^Br, and CHgBr.CHg.CHgBr, diphenyl- 
thio-urea gives cyclic derivatives of pseudo-sulpho-urea (B. 21 , 1872) : 


C,H,N : c< ^N(C,Ht) '^cH, 




C.H.N 


. c/N(C,H.).CH, 

■ \S— ch,-Ch,‘ 


The ethylene derivative contains the so-called thi-azol ring ; the tri- 
methylene derivative, the next higher pen thi-azol ring, which is homo- 
logous with the thi-azol ring. 

Triphenyl-pseudo-thio-urea ’" P' i85‘’-i88°, by 

transformation of triphenyl-chloro-carbamidin with sodium-thiophenol 
(B. 36 , 965). 

Pseudo-phenyl-thiohydantolnie aeid hn : m.p. 150° 

(C. 1898, II. 296), and Pseudo- diphenyl -thiohydantolnie acid 
C,H,N : formed from phenyl- and diphenyl-thio-urea with 

chloracetic acid. By rejecting water, these compounds pass into 
pseudo-hydantoins : unstable Pseudo - phenyl - thiohydantoin 

HN : , m.p. 148 , from Rhodan-acetanilide CNS.CHg 

CONHCgHg, m.p. 91®, by heating to 100®, and on further heating it 
forms a stable isomeric C^H^N : ^<^5 , ni.p. 178® ; on boiling with 

HCl, the latter splits up, to form pseudo-phenyl-thiohydantoi'nic acid, 
and, subsequently, forms a mixture of aceto-iso-thiocyanic acid and 

phenyl-aceto-iso-thiocyanic acid g (C. 1902, II. 792). 

The latter is also formed by the breaking up of Pseudo-diphenyl- 
thiohydantoin c.r^n -. , m.p. 176°. 

... Oxig 

Hydroxylamine and Hydrazin Derivatives of the Pheny- 
LATED Thio-ureas. — Phenyl - hydfoxyl - thio - urea CeHgNHCSNHOH, 
m.p. 106®, from hydroxylamine and phenyl-mustard oil, is easily 
decomposed into water, sulphur, and phenyl cyanamide (B. 24 , 378). 

Phenyl-thio-semicarbazlde, phenyl-thiocarbaminic hydrazide 
NH.CS.NH.NHj, m.p. 140®, from phenyl-mustard oil and hydrazin 
hydrate ; or from diphenyl-sulpho-urea with hydrazin hydrate in 
alcoholic solution (B. 88, 1058). With aldehydes it is transformed into 
phenyl-thio-semicarbazones. Its acyl derivatives easily yield thio- 
bi-azolins (j.v.) with rejection of water. A peculiar behaviour is shown 
by the benzoyl derivative, which, when deprived of H,0 by means 
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of acetyl chloride, yields a phenyl-imido-phenyl-thio-bi-azolin ; or by 
means of benzoyl chloride, a diphenyl-triazol mercaptan (B. 29, 2914) : 

C,H»N : ^h~C,H,NH.CS.NHNH.COC,H*— >C,H,N : N 

— c.c,H. ‘hsc=n 

Phenylated Guanidin Derivatives.— Phenyl-gnanidin nh : 

m.p. 60®, from cyanamide and aniline chlorohydrate. By an analogous 
process we obtain Dlphenyl-guanidin, melaniiin NH : C(NHCeH5)2. 
m.p. 147®, from cyananilid (p. 106) and aniline chlorohydrate, and also 
by the action of CICN upon dry aniline. Both, like guanidin itself, are 
mono«acid bases. CS| decomposes diphenyl-guanidin into diphenyl- 
sulpho-urea and KSCN. 

a-Triphenyl-guanidln CjHjN :C(NHCeH6)2, m.p. 143®, formed on 
heating diphenyl-urea or diphenyl-sulpho-urea, by itself, or with 
copper, to 140®, also by warming the alcoholic solution of diphenyl- 
sulpho-urea and aniline with Pb(0H)2 (C. 1902, II. 795) or HgO, or 
by boiling it with iodine solution. CS, spUts it up into diphenyl- 
sulpho-urea and phenyl-mustard oil. 

/ 3 -Trlphenyl-guanidin , m.p. 131®, has been obtained 

by heating cyano-anilide \^'ith diphenyl-amine chlorohydrate. CS, 
breaks it up into diphenyl-amine, phenyl-mustard oil, and hydrogen 
sulpho-cyanide. 

Sym. Tetraphenyl-guanidln NH : C[N(CeH5) m.p. 130®, by action 
of CNCl upon diphenyl-amine at 170®. 

as-Tetraphenyl-guanldin c*h,n : Penta- 

phenyl-goanidin CeH^N : C[(NCeH5)2]2, m.p. 179®, obtained by trans- 
formation of aniline and diphenyl-amine, respectively, with triphenyl- 
chloro-carbamidin (B, 36, 964). 

Amido-diphenyl-guanidin CeH5N : C(NHCeH5)NH.NH2, m.p. 99®, 
formed from diphenyl-thio-urea with hydrazin hydrate m alcoholic 
alkaline solution (without alkali, phenyl-thio-semicarbazide is formed) ; 
it is a strong base. With anilines it gives addition products ; with 
carboxylic acids, and with HNO,, it condenses to triazol and tetrazol 
derivatives respectively (B. 83, 1058 ; 85, 1710, 1716). 

Diphenyl^xyguanidin, oximido-diphenyl-urea HON :C(NHCeH5)2, 
m.p. 15 1®, from diphenyl-thio-urea with alcohohc hydroxylamine 
solution and PbO (B. 82, 2238). 

Phenyl-biguanides.— a-Phenyl-blguanlde h * 

chlorohydrate, m.p. 237®, by heating aniline chlorohydrate with 
dicyano-diamide (C. 1905, I. 730 ; 11 . 1530). a-Diphenyl-biguanide 

, m.p. 167®, from sulpho-carbanilide and 
guanidin (see A. 310 , 335 ; B. 84 , 2594). 

G. Phenylated Mltrfles and Imldes of Carbonle Acid. 

Phenyl Isocyanate, carbanile C,H,N : CO, b.p. 166", a liquid with an 
acrid odour, formed (i) by distillation of oxanilides ; (2) by distillation 
of carbanilic esters with P, 0 , (B. 25 , 2578) ; (3) from diazo-benzol 
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salts by the action of potassium cyanate and copper (B. 25 , 1086) ; 
{4) from phenyl-mustard oil CjHg.N : CS by heating with HgO to 170® 
(B. 28 , 1536) ; (5) by the action of thionyl chloride upon benzo- 
hydroxamic acid {q,v.) in benzene solution (C. 1907, I. 633) ; (6) by 
warming benzoyl azide {q.v.) or benzoyl chloride and sodium azide, 
in neutral solvents (B. 42 , 3133, 3359) ; (7) by the action of HNO, 
upon monophenyl-urea, with excess of HCl (C. 1906, 11 . 510) ; (8) by 
action of phosgene upon aniline, or its chlorohydrate. By methods 
6, 7, and 8 a series of substituted carbaniles could also be prepared 
(C. 1900, I. 30 ; 1902, 11 . 554). 

Carbanile behaves very similarly to the isocyanic alkyl esters. With 
water it becomes diphenyl-urea, with alkalies it forms salts of phenyl- 
carbaminic acid (/. pr. Ch, 2, 73 , 177). With alcohols and phenols it 
combines to form carbanilic esters, a reaction useful for proving the 
presence of alcoholic hydroxyls (B. 18 , 2428, 2606). It reacts similarly 
with the SH group, and with the hyckoxyl group of the aldoximes and 
ketoximes. With the groups C : O and C : S carbanile does not react 
(B. 25 , 2578) ; but it unites with i, 3-dicarbonyl compounds, like 
acetyl-acetone, aceto-acetic ester, malonic ester, etc., in the presence 
of small quantities of alkali, to form C-carbanilide derivatives, e.g, 
C8H5NHC0CH(C0CH3)C02R, which, in contrast with 0 -carbanilide 
derivatives, have an acid nature and show the ferric chloride reaction 
(B. 37 , 4627). 

With NH3 we obtain phenyl-urea. With diazo-amido-compounds 
CeHgNgNHR' mixed ureas are formed, in which the hydrogen of the 
NH group is represented by the residue — CONHCjHj (B. 22 , 3109). 
For action upon dicarboxylic acids, see C. 1906, I. 1017 ; upon oxy- 
acids, C. 1903, I. 564. 

All these phenyl-cyanate reactions, if taking place in the absence 
of a solvent, usually take place normally without transpositions, and 
are therefore suitable for determinations of constitution (B. 23 , 2179 ; 
38 , 22). By heating of carbanile with benzene and AI2CI3, we obtain 
benzoyl anilide (see synthesis of benzoic acid). 

0-, m-, p-Tolyl isocyanate CH3CeH4N : CO, m.p. 186®, 183®, 187®, 
by method 7. 

Triphenyl isocyanurate C303(NCeH5)3, m.p. 275®, formed (i) by 
polymerisation of carbanile, on heating with potassium acetate (B. 
18, 3225) ; (2) by the action of concentrated HCl at 150® upon triphenyl- 
iso-melamin. 

Triphenyl cyanurate CsN3(OC3H5)3, m.p. 224®, by the action of 
cyanic or cyanuric chloride upon sodium phenol. 

Isocyano-phenyl chloride, phenyUimido-carbonyl chloride CeHjN : 
CCI2, b.p. 209°, a colourless oil, of acrid odour, formed from phenyl 
isocyanide and chlorine in chloroform solution ; also from phenyl- 
mustard oil and chlorine (B. 26 , 2870). With aniline it passes into 
a-triphenyl-guanidin (A. 270 , 282). 

Phenyl sulpho-cyanide C3H5S.CN, b.p. 131®, is isomeric with phenyl- 

mustard oil and methenyUamido-thichphenol (see Amido- 

thio'phenols). Formed by action (i) of HSCN upon diazo-benzol 
sulphate, and (2) of cyanogen chloride upon lead thio-phenol. It 
behaves like the alkyl sulpho-cyanic esters. 
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Phenyl-^ilttstard oH, sulpho-carbanile, iso-thio-cyanic phenyl ester 
C^H^N : CS, b.p. 222°, is a colourless liquid smelling of mustard oil. 
Formed (i) from diphenyl-sulpho-urea by splitting off aniline with 
hot sulphuric acid or concentrated HCl, or, best, with concentrated 
phosphoric acid (B. 15 , 986) ; (2) besides triphenyl-guanidin, from 
diphenyl-sulpho-urea with alcoholic iodine solution ; (3) by action of 
thio-phosgene upon aniline ; (4) by action of HNOj upon phenyh 
sulpho-urea (C. 1906, II. 510). 

Heating with copper or zinc dust converts it into benzo-nitrile, 
the phenol-iso-nitrile first formed transposing into benzo-nitrile at the 
temperature of reaction. Heated with dry alcohols to 120®, or in 
alcoholic potash solution, it becomes phenyl-sulphur-ethane (C. 1900, 
I. 289) ; with ammonia, aniline, hydrazin, or hydroxylamine it becomes 
phenyl-sulpho-urea ; with chlorine, iso-cyano-phenyl chloride. With 
sodium-malonic ester it combines to form thio-carbanilino-malonic 
ester (C. 1908, I. 1929). Combines with aromatic hydrocarbons, 
phenol ethers, and thio-phenol ethers under the influence of A 1 chloride 
to thio-anilides of carboxylic acids (/. pr. Ch. 2, 59 , 572). 

With alk}d-magnesium iodides (Vol. I.), phenyl-mustard oil com- 
bines to form salts which, on decomposition with acids, yield thio- 
anilides of fatty acids, e.g. NH.CS.CH3 (®- 36 , 585). By reduction 
with zinc and HCl, it is decomposed into aniline and thio-formaldehyde, 
but by A 1 amalgam into sulpho-carbanilide and methyl mercaptan 
(B. 34 , 2033). 

Phenylated Cyanamide Derivatives (cp. Cyanamide, Vol. I.). — 
Phenyl-cyanamide, cyananihde C^H^NHCN-j-^HgO, m.p. 47®, loses 
its water of crystallisation in the drying oven, liquefies, and re-forms 
the hydrate in air. On standing, or heating, it polymerises to tri- 
phenyl-iso-melamine. Formed (i) by conducting CNCl into an ether 
solution of aniline ; (2) by heating phenyl-sulpho-urea, with HgO or 
lead acetate and alkali (B. 18 , 3220). It is easily soluble in alcohol 
and ether, and combines again with HjS to form phenyl-sulpho-urea. 
For substituted cyananilides, see C. 1905, I. 441 ; 1907, I. 543. 

Phenyl-methyl cyanamide C«H5N(CH8irN, m.p. 30®, from cyan- 
anilide, ICH3 and NaOCjHg (B 33 , 1383) ; or from mono-, or even 
dimethyl-aniline, with CNBr. The latter process has yielded a number 
of homologous pheiiyl-alkyd cyanamides (B. 33 , 2728 ; 35 , 1279). 

Diphenyl cyanan^de (C3H3)2NCN, m.p. 73®, from as-diphenyl- thio- 
urea with ammonia, and silver solution (B. 26 , R. 607). 

Carbo-diphenyl-imide CeHjN : C : NCeH*, a thick liquid, b.p.30 218®. 
On distillation, at ordinary pressures, carto-diphenyl-imide transposes 
into a polymeric modification melting at 161®, and having triple 
molecular weight (B. 28 , 1004). 

Carbo-diphenyl-imide is formed (i) by action of HgO upon a 
solution of symmetrical diphenyl-sulpho-urea in benzene ; (2) by 

distillation of a-triphenyl-guanidin ; (3) by heating phenyl isocyanate 
to 180®, with rejection of CO, (B. 41 , 1125). With water it combines 
to form a symmetrical diphenyl-urea; with H,S, to a symmetrical 
diphenyl-sulpho-urea ; with aniline, to a-triphenyl-guanidin ; with 
phenol, to diphenyl-iso-urea phenyl ether (C. 1909, 11 . 426). On con- 
ducting HCl into a benzene solution of carbo-diphenyl-imide we 
obtain the compounds C,HgN : CC 1 .NHC,H, and C,H,NH.CC 1 ,.NHC,H, 
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(B. 28 , R. 778) : with malonic ester, and simUar bodies, carbo-diphenyJ- 
imide forms substances like C,H,NH.C(NC,Hj).CH(CO,C,Hj)j (B. 82 , 
3176). It also combines with aliphatic and thio-aliphatic acids to 
form compounds like acetyl-diphenyl-urea and acetyl-diphenyl-thio-urea 
(/. pr. Ch. 2, 64 , 261). 

Alkyl-magnesium iodides give Mg compounds, which, with acids, 
decompose into diphenyl-amidines. 

Carbodi-p-tolyl-imide (C 7 H,N)jC, m.p. 57'’-59“ 

Trlpbenyl-melamlne, triphenyUcyanuro-triamide 


/NH.C(NHC.H,)\ 

. '-\nh.C(NHC,H,)/”“' 


m.p. 228°, by the action of cyanuro-chloride upon aniline, or by heating 
tri-thia-cyanuric methyl ester with aniline to 250®-300° (B. 18 , 3218). 

Hexaphenyl-melamine, CjN,[N(C,Hj)j]„ m.p. 300®, from cyanuric 
chloride and diphenyl-amine. 

Trlphenyl-Isomelamlne m.p. 185®, 

by polymerisation of phenyl cyanamide ; also by the action of 
cyanogen bromide upon aniline. On heating with HCl the NH groups 
are successively replaced by oxygen, with final formation of isocyanuric 
triphenyl ester. 

Besides the normal and iso-triphenyl-melamines, unsymmetrical 
triphenyl-melamines are also known (B. 18 , 228). 

Anilides of Dicarboxylic Acids. — Oxalic acid and its homo- 


logues, as well as the unsaturated dicarboxylic acids, form anilic acids 
and dianilides, corresponding to the amic -acids and the diamides. 
Those dicarboxylic acids capable of forming anhydrides yield also 
anil os or phenyl-imides corresponding to the imides. 

The anilio acids are obtained (i) by partial decomposition of the 
dianilides ; (2) on mixing the ethereal or chloroform solutions of the 
anhydrides with aniline (B. 20 , 3214) ; (3) by the breaking down of 
the aniles. The latter are re-formed from the anilides by treatment 
with PCI5 (B. 21 , 957), or with acetyl chloride. They also appear 
on heating the acids or anhydrides with aniline. A large number of 
these compounds have been mentioned in the first volume, in connection 
with their respective acids. 

Phenyl-amine Derivatives of Oxalic Acid. — Oxanilic acid 
NH.CO.COgH, m.p. 150® (see A. 270 , 295, for an isomeric acid, m.p. 
210®), is formed by heating oxahc acid and aniline to 140® (B. 23 , 
1820), by the action of alcoholic potash upon oxanilide, and when 
citracon-anilic acid is oxidised with Mn04K (B. 23 , 747). Methyl 
ester, m.p. 114® (A. 254 , 10) ; ethyl ester, 66® ; chloride, 82® (B. 23 , 
1823). 

Oxanilic acid nitrile, cyano-formanUtde CeHjNHCOCN, m.p. 120®, 
prepared by adding hydrocyanic acid to phenyl isocyanate. On 
heating above its m.p. it decomposes into its constituents. On careful 
saponification it passes into phenyl-oxamide CgH^NHCOCONHj, 
m.p. 224 ® ; by ad^tion of HjS it becomes oxanilic acid thio-amide 


CeHjNHCOCSNH., m.p. 176® (B. 38 , 2977). 

Oxanilide (CONHCeHj),, m.p. 245®, is also obtained from the 
isomeric glyoxime-N-phenyl-ether c,h,Nv;;^ch— ch>;;^nc,h„ m.p. 
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183°, by transformation with glacial acetic acid and acetic anhydride. 
The latter is formed (i) from nitroso-benzol with diazo-methane ; 
(2) from /S-phenyl-hydroxylamine with glyoxal or with formaldehyde 
(B. 80, 2871 ; 85, 1833). 

A number of sulphuretted derivatives of oxanilic acid are obtained 
by action of PjSj upon the corresponding compounds of oxalic acid. 
They are distinguished by their intense yellow or reddish-yellow 
colour (B. 87 , 3708). 

Thlo-oxanilie acid C^H^NHCSCOOH, m.p. 102®. ThIo-oxanUide 
CgHjNHCS.CONHCgHj, m.p. 145®. Both compounds are easily 
converted into derivatives of benzo-thiazol (q.v.), 

Thio-oxanillc thio-amide CeHjNHCS.CSNH^, m.p. 98®. 

Dithio-oxanilide (CSNHC,H5)2, m.p. 134®, is also generated by the 
action of H^S upon oxanilide chloride (C. 1902, II. 121). 

Tetra-p-tolyl-oxamide [CON[4](CeH4[i]CH3)2]2, m.p. 127®, from 
p-ditolyl-urea chloride. 

Oxanilide dloxime [C : (NOH)(NHC4H5)]2, m.p. 215® with decom- 
position, from dtbromo^gly oxime peroxide, Semi-ortho-oxalic-dianilido- 
methyl ester C02CH3.C(NHC4H5]20CH3, and PhenyMmido-oxalic 
dimethyl ester COjCHjC :NCgHj(OCH3), m.p. in®, from dichlor-oxalic 
ester (B. 28 , 60) and aniline. Phenyl-oxaminic diphenyl-amidine 

m.p. 134®, from semi-ortho-oxalic ester and 

from oxanile dtchlortde acid ethyl ester (A. 184 , 268). 

The corresponding nitrile, carlo - diphenyl - imide - hydrocyanide, 
NC.C(NHC3H3) : NC4H5, generated from carbo-diphenyl-imide by union 
with hydrocyanic acid, yields, with yellow Am2S, a thiamide NHjCS. 
C(NHC4H3) which can be easily converted into isatin anilide 

and indigo, 

o-Nitro-oxanillc acid, m.p. 112®. 

o-Dinitro-oxanilide, see A. 209 , 369. 

Halon-anilic acid C4H5NHCOCH2CO2H melts at 132®, with 
decomposition into CO, and acetanilide. It is also formed by a 
peculiar transposition of sodium acetyl-phenyl-carbaminate from 
sodium acetanihde with COj, <^n heating to 140® (B. 18 , 1359). 
With PCI5 it forms trichloro-quinolin (B. 18 , 2975). 

Halon-anillde CH 2 (CONHC 4 H 3 ) 2 , m.p. 223® (B. 17, 135, 235). 
Malonie methyl-anilide (B. 81, 1826). Dithio-malon-anilide CH 2 
(CSNHC 3 H 5 ) 2 , m.p. 149®, from malon-anilide, with PgS^ (B. 89, 3300). 

Succin-anilic acid, succin-anile, see Vol. I. : Succinimide. 

Fumar-anilic acid, fumar-anilic chloride, fumaric dianilide, maleln- 
anilic acid, malein-anile, dichloro-malein-anile, dichloro-maleln-anile 
dichloride, dlehloro-malein - anile - dimethyl ester, dichloro - malein- 
Imidanile, dlchloro-malein-dianUe, citracon-anilic acid, cltracon-anile, 
itacon-anllic acid, see Vol. I. in connection with the corresponding 
carboxylic acids. 

Anilido - CARBOXYLIC AciDS. — Anilido - malonio acid C 3 H 5 NH. 
CH(C00H)2 melts at 119®, with rejection of CO 2, and formation of 
phenyl-glycin. Its esters (methyl, m.p. 68®; ethyl, m.p. 45®) are 
formed from the bromo-malonic esters, with aniline, and behave like 
malonie esters in having their C atom alkylated, and in forming 
addition products with a, jS-olefin-carboxylic ester, etc. (see Vol. I.). 
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On heating to 260^-265® they condense to indoxyl-acetic esters, 
which can easily be converted into indigo (B. 85, 54). For the effect 
of nitrous acid, see C. 1902, II. 1318. 

For phenyl-asparagin-anilic aeid, phenyl-asparagln-anile, jS-anilido- 
pyro-tartarlc acid, and pseudo-itaeon-anllie acid, see Amido-succinic 
acids, Vol. I. 

Phenylated UreIds of Dicarboxylic Acids. — Phenyl-parabanlc 
add m.p. 208®, and diphenyl-parabanic acid, m.p. 

204®, from the corresponding carbamides with ethoxalic chloride 
{/. pr. Ch, 2, 82, 20). 

DlpheuYUmBlonyUviTe^^diphenyl^arbituric 

m.p. 238®, formed by the action of malonyl chloride upon carbanilide. 

As uric acid is obtained from malonyl-urea (Vol. I.), so from 
diphenyl-malonyl-urea, through the intermediacy of diphenyl-violuric 
acid, m.p. 227®, we obtain diphenyl-uramlle, m.p. 195®; diphenyl* 
^-uric acid, m.p. 217® ; and 1, 8-diphenyl-urlo acid, m.p. above 300® 
(C. 1907, II. 1065). 

Aniline Substitution Products. — It is only the aniline derivatives, 
among the substitution products of the primary phenyl-amines, which 
deserve particular consideration, for it was with them that the re- 
gularities of substitution obtaining among the aromatic amido-bodies 
were observed, and they were the intermediate stages in numerous 
instances where constitution was to be determined. 

Halogen-anilines.— Formation : — fi) Aniline, like phenol, is more 
readily substituted than benzene. When chlorine or bromine acts 
upon the aqueous solutions of aniline salts, the halogen atoms enter 
the [2, 4, 6J-position. Concerning the additive intermediate products 
preceding substitution, see A. 346, 128 ; B. 38, 2159. Starting with 
acetanilide, chlorine and bromine produce first p- and o-mono-sub- 
stitution products ; these are immediately converted into o-p-di-sub- 
stitution derivatives. If, however, chlorine or bromine be allowed 
to act upon aniline, in the presence of concentrated sulphuric or hydro- 
chloric acid, m-compounds will be produced. By combining with the 
strong acids the amido-group acquires a negative character. Con- 
cerning further substitutions in meta-substituted anilines, see B. 15, 
1328 ; C. 1899, II. 1049. 

Iodine can substitute the anilines directly ; the resulting hydriodic 
acid combines with the excess of base : 

2CeH5.NH,+I,=C,HJ.NH,+CeH5.NH,.HL 

(2) The mono-halogen anilines can be readily obtained from the 
mono-halogen-nitro-benzols, which in turn are derived from the 
nitroamido-derivatives. The change is effected through the diazo- 
bodies. 

p-Chloraniline is a stronger base than the o- and m-bodies 
(B. 10, 974). It has also been obtained by the electrolytic re- 
duction of nitro-benzol in concentrated hydrochloric acid solution. 
It is very probable that CjHg.NHCl is formed at first, but sub- 
sequently rearranges itself into p-chloraniline (B. 29, 1895 ; C, 1904, 

II. 95). 
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[1, 3]-, m- 

I*. 4]-. p- 


M.p. 

B.p. 

M.p. B.p. 

M.p. 

B.p. 

FIC.H^NH, 

ClCeH^NH, 

BrC.H^NH, 

ICgH^NH, 

liquid 

31 ** 

56 * 

207® 

229® 

liquid 

18® 

27 * 

230® 

251“ 

liquid 

70® 

66® 

63“ 

188® 

230® 

(A. 248 , 222) 
(A. 176 . 27) 
(B. 8, 364) 

(B. 17 , 487) 


Of the higher halogen substitution products of aniline we may 
mention the following : — 

From acetanilide : 

a-[i NH,, 2, 4]-DichIoranillne, m.p. 63°, b.p. 245® (B. 7 , 1602). 

a-[i NH„ 2, 4]-DibromanIUne, m.p. 79° (A. 121 , 266). 

From the nitro-compounds : 

/S-[i, 4, 2 NH^j-DIehloranlUne, m.p. 54°, b.p. 250° (A. 196 , 215). 

/3-[i,4,2NHt]-Dibromaiiillne, m.p. 51® (A. 165 , 180). 

[i NHj, 2, 6]-Dl-iodanillne, m.p. 122® (C. 1904, II. 319). 
[iNH,, 2,4]-Di-iodanillne, m.p. 96° (C. 1904, II. 590). 

From aniline with Cl and Br : 

[x NHj. 2, 4, 6]-TrlctaloranilIne, m.p. 77®, b.p. 262° (/. pr. Ch. 2, 
16 , 449 ; B. 27 , 3151). 

[i NHj, 2, 4, 6]-Tribromaniline, m.p. 119° (B. 16 , 635). 

[i NHj, 3,4, 5]-Tribromanlline, m.p. ii8°-ii9° (C. 1898, 1 . 939). 

[iNH,, 2, 4,6]-Trl-iodanIline, m.p. 184° (C. 1910, 1 . 526). 

The five benzene-hydrogen atoms in aniline can be replaced by 
chlorine or bromine ; 

Penta-ehloraniline, m.p. 232°. Penta-bromanUlne, m.p. 222®. 
Halogen benzols are produced by eliminating the amido-group by 
means of the diazo-compounds. 

For di-, W-, and tetra-iodanlllnes and their transformation products, 
see B. 84 , 3343- 

For further aniline haloids, see C. 1907, IL 1784 ; A. 846 , 160. 

Nitranilines N0,C,H4NH, are isomeric with diazo-benzolic acid 
CjHjNHNO,. Aniline is strongly attacked by nitric acid, and easily 
resinified. (i) In order to obtain mono- and m-substitution products, 
acetanilide is nitrated. The acetyl group protects the amido-group, 
and p- and o-nitro-acetanilide are first formed, with an excess of nitric 
acid, chiefly the p-compound ; while with the calculated amount of 
HNOg, in glacial acetic acid with addition of acetic anhydride, we 
obtain chiefly the o-nitro-acetanilide (B. 89 , 3903) But if aniline is 
nitrogenated in the presence of cold concentrated sulphuric acid, meta- 
nitraniline is also formed, besides the p- and o-varieties (B. 10 , 1716 ; 
17 , 261), and its amount increases with the quantity of sulphuric acid 
present. There is here the linking of an amido-group and, so to speak, 
transformation into an acid group, which produces meta-substitution. 
The three isomers are separated by their basicities. On neutralising 
their acid solutions, o-nitraniliae precipitates, first 0-, then p-, and then 
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m-nitraniline (B. 28 , 1954). In a similar manner the nitroacetanilides 
can be separated (B. 89 , 3903). 

(2) The nitranilines can also be obtained by heating the nitro- 
benzol haloids to i50®->i8o° with alcoholic ammonia ; also by heating 
the nitro-phenol ethers, like C^H4(N02).0.C2H5, with aqueous am- 
monia. In both cases it is only the para- and or/Ao-derivatives which 
react, but not the we/a-derivatives. 

(3) The direct introduction of an amido-group into the o- or p- 
position, with respect to the nitro-groups present, may be effected by 
the action of an alcohol-alkaline hy^oxylamine solution. 

(4) By partial reduction of poly-nitro-compounds. 

(5) By heating nitro-amido-benzol-sulphonic acids with HCl to 
170° (B. 18 , 294 ; C. 1905, 1 . 416). 

(6) o- and p-nitraniline are produced by transposition of diazo- 
benzolic acid : 

[1,2]-, o-Nitranillne, m.p. 71®; Acet. m.p. 92°. o-Nitro- 
dimethyl-aniline, see B. 32, 1066. 

[i, 3]-, m-Nitraniline, m.p. 114° ; Acet. m.p. 142®. 

4]-» p-Kitraniline, m.p. 147® ; „ m.p. 207®. 

The nitro-anilines link the diamido- and dinitro-benzols to the 
nitro-haloid, amido-haloid, and dihaloid benzols ; 




Br 

Br* 


\\Tien ortho- and /)ara-nitranilines (not meta-) are boiled with alkalies, 
they part with NH3, and are converted into their corresponding nitro- 
phenols C3H4(N02).0H ; the di- and tri-nitranilines react even more 
readily. 

The nitranilines approach in character the acid amides as the number 
of nitro-groups in them increases. 

Ammonia converts the corresponding dinitro-phenols or poly- 
nitro-haloid-benzols into : 

a-[i NH2,2, 4 ]-DinitranilUie, m.p. 182®. j 3 -[i NHj, 2, 6 ]-Dinitraniline, 
m.p. 138®. 

[i NH 2 , 2 , 4 , 6 ]-Trinitranillne C4H2{N02)s.NH2, picramide, is obtained 
from picric acid through its ether, or by means of picryl chloride. 
The latter reacts with ammonia, even in the cold. It forms orange-red 
needles, m.p. 186®. It forms picric acid when heated with alkalies : 


C4H2(N02)3.NH2+K0H=CeH2(N0,)3.0K+NH3. 

Sym. Trinitro-xylidine, m.p. 206®, from trinitro-chloro-xylol and NH, 
(B. 28 , 2047). 

Nitro-diphenyl-amines are obtained by the transformation of 
benzol-nitro-haloids with aniline, or of the nitranilines with bromo- 
benzols and addition of copper bronze or copper iodide. o-Nitro- 
bromo-benzol and the polynitro-halogen-benzols react with aniline 
even without a catalyst. In a similar manner the ^ 1 -sulphonic 
esters of o-nitro-phenol, and its derivatives, yield nitro-diphenyl- 
amines with aniline (B. 41, 1870). Numerous nitro-diphenyl-amines 
have also been obtained by nitrogenating nitroso- or benzoyl-diphenyl- 
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amine, and breaking up the resulting compounds with dilute SO4H, 
(C. 19^, I. 28). 

The nitrcKiiphenyl-amines are pale -yellow compounds. They 
3deld dark-red alkali salts, with a stability increasing with the number 
of nitro-groups they contain. 

Hexanitro-diphenyl-amine dissolves in aqueous alkalies, with a 
purple colour. Its ammonium salt is a brick-red powder. Before 
the introduction of the azo-dyes, it was used under the name of 
" aurantia for dyeing wool and silk. At present it is only used for 
making photographic colour-filters. The corresponding salt of penta- 
nitro-diphenyl-amines possesses no dyeing power. 

These strongly coloured alkali salts probably possess a quinoid 
structure : 


NO,. 


NO, 


NO, 


.•N 


NO, 


N, 


O . 

ONH, 


The nitro-diphenyl-amines probably therefore belong to the class 
of pseudo-acids (Vol. L). They form two series of alkyl derivatives : 
pale-yellow, stable nitrogen ethers corresponding to the free nitro- 
phenyl-amines ; and dark-violet, unstable oxygen esters corresponding 
to the dark-coloured alkali salts, and possessing, like the latter, a 
quinoid structure (aci-nitro-derivatives) : 

l. (NO,)3C,H,.N(CH3)C.H,(NO,)a II. (NO,)3C,H,N : C,H,(NO,), : NOOCH3 

Pale yellow. Deep violet. 

0-, m-, and p-Nitro-diphenyl-amine NO,C,H4NHCeH5, m.p. 75°, 
112°, 132° (B. 15 , 826 ; 22 , 903 ; 40 , 4545). 

o» 0 “» Pf P"> »nd 0, P'Dinitro-diphenyl-amine NO,C,H4NHCgH4NO„ 

m. p. 167°, 214°, 219° (B. 15 , 826). 

[2, 4,6]- Trinitro- phenyl -phenyl -amine, m.p. 175°, from picr^'l 
chloride (B. 3, 126). Tiinltro-xylyl-phenyl-amlne, m.p. 175'’ (B. 28, 
2047). Similar compounds, see B. 33, 594 ; C. 1898, II. 342. 

Pentanltro-dlphenyl-amlne, m.p. 194°. Hexanitro-diphenyl-amine, 
m.p. 238“. 

N-Methyl-2, 4-dlnltro-dlphenyI-amlne C,HgN(CH,)C,H3(NO,)2, m.p. 
167°, from I, 2, 4-chloro-dinitro-benzol and methyl-aniline, gives, on 
further mtrogenation, N - methyl - hexanltro - diphenyl - amine, m.p. 
23b°, yellow flakes. The isomeric o-methyl-aci-hexanltro-diphenyl- 
amlne, in violet-black crystals decomposing at 141°, is obtained by 
the action of ICH, upon the silver salt of hexanitro-diphenyl-amine. 
Traces of alcoholic HQ rapidly saponify the ester. But acetyl chloride 
gives, uith the silver salt, an N-acetyl-hexanltro-dlphenyl-amlne, pale- 
yellow crystals melting at 240° (B. 41, 1745). 

p-Nltro-phenyl-amlne NO,C,H4N(C,Hj)2, m.p. 144°, from p-nitro- 
iodo-benzol and diphenyl-amine, in presence of copper bronze (B. 41, 
35 “)* 

H. p-Nitroso-Derivatives of the Primary, Secondary, 

AND Tertiary Aromatic Amines. 

Formation. — (i) When the nitrosamines of monomethyl-aniline 
or diphenyl-amine are treated with alcoholic hydrochloric acid, they 
rearrange themselves into p-nitroso-compounds (B. 19 , 2991). (2) 

The p-nitroso-bodies are also produced when nitrous acid acts upon 
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the tertiary dialkyl-anilines, or sodium nitrite upon their hydro- 
chlorides (Baeyer and Caro, B. 7, 963). (3) When the nitroso-phenols 

are fused with ammonium acetate and ammonium chloride, they yield 
p-nitroso-anilines (B. 21, 729). 

Behaviour . — When the p-nitroso-derivatives of the secondary and 
tertiary aromatic amines are heated with caustic soda, they break 
down into sodium nitroso-phenate and alkylamines (I. 163). Most 
chemists consider the nitroso-phenols to be the monoximes of the 
paraquinones. And in connection with this mode of formulation 
of the nitroso-phenols, many are disposed to view the p-nitroso- 
derivatives, of the secondary and tertiary aromatic amines, as quinone 
derivatives : 


C,H, 


/[ij : 
M[4]: 


O 
O 

p-Quinonc. 


r[i]:N.OH 

p-Quinone-monoxime 
Ni troso-phenol . 


p-Nitroso-dimethyl-aniline. 


p-Nitroso-anillne NO[4]CgH4[i]NH2, m.p. 174®, crystallises in 
steel-blue needles (B. 21, 729 ; 28, R. 735). 

p-Nitroso-monomethyl-aniline NO[4]CaH4[i]NHCH8 forms blue 
lustrous flakes, and melts at 118® C. It is soluble in dilute sodium 
hydroxide, and is again liberated from its solution by carbon dioxide. 

When heated with sodium hydroxide, jvnitroso-methyl-aniline is 
decomposed into sodium nitroso-phenate and methyl-aniline. 
p-Nitroso-monoethyl-aniline, m.p. 78®. 

0-, m-, and p-Nitroso-acetanilide NOC8H4NHCOCH3, m.p. 107®, 
III®, 173®, by oxidation of the three mono-acetyl-phenylene-diamines 
with monopersulphonic acid. The p-nitroso-acetanilide exists in a 
grey and a colourless modification, m.p. 173® and 181® (C. 1908, 
I. 2027). 

p-Nitroso-dimethyl-aniline NO[4]C8H4[i]N(CH3)2, m.p. 85°, con- 
sists of large green flakes. Potassium permanganate and ferro- 
cyanide of potassium oxidise it to p-nitro-dimethyl-aniline. Upon 
reduction it yields p-amido-dimethyl-aniline, which is so important 
in the dye manufacture. Sodium hydroxide resolves it into nitroso- 
phenol and dimethylamine. Its hydrochloride dissolves with difiS- 
culty in cold water. 

p-Nitroso-diethyl-anillne, m.p. 84®. 

p-Nitroso-diphenyl-amine, m.p, 143®, consists of green plates, and 
is produced when hydrochloric acid gas acts upon diphenyl-nitros- 
amine. Dissolves in concentrated aqueous alkalies with formation 
of dark-brown alkali salts, derivable from the anile of quinone-mon- 
oxime C3H3N : CeH4 : NOH (B. 20, 1252 ; 21, R. 227). 


6 a. Diamines. 

Formation . — The aromatic diamines, whose amido-groups are 
attached to the benzene nucleus, are formed (i) by the reduction of 
the three dinitro-benzols or nitro-anilines with tin and hydrochloric 
acid ; (2) the monamines can be converted into the diamines by first 
changing them to amido-azo-compounds, and then decomposing the 
latter by reduction : 

C3H3N=N[4]C3H4[i]NH3+4H=C3H3NH,+NH3[4]C4H4[i]NH,. 

VOL. II. I 
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(3) They can be obtained, also, from the diamido-benzoic acids, by 
the loss of carbon dioxide, when they are treated with bar5rta. This 
reaction has become of particular importance in ascertaining the con- 
stitution of the three phenylene-diamines. (4) Phenylated diamido- 
benzols are formed by the semidin transposition of hydrazo-benzols ; 
thus, o-amido-ditolyl-amine is formed from hydrazo-toluol. (5) Di- 
phenylated diamido-benzols C^H4(NH.CeH5), are produced when dioxy- 
benzols — e.g. resorcinol and hj^droquinone — are treated with aniline 
and CaCl, or ZnClj. 

Properties, — The diamines are colourless solids volatilising without 
decomposition, but on exposure to the air they become coloured. 
They are di-acid bases, forming well-defined salts. Ferric chloride 
imparts an intense red colour to their solution. The amide hydrogen 
atoms can be replaced in the same manner as in the monamines. 

Diamido-benzols, or phenylene-diamines, The o-body 

is derived from o-nitraniline by reduction with caustic soda and zme 
dust (B. 28 , 2947). The m-derivative is most easily accessible through 
m-dinitro-benzol. The p-compound is obtained by the decomposition 
of amido-azo-benzol, or by heating p-dichloro-benzol with NHj in 
presence of copper sulphate (Z./. Ch. 1866, 136 ; C, 1908, II. 1221). 

[i, 2]-, o-Phenylcnc-diamine, m.p. 102"^, b.p. 252® 

[i, 3;-, m-Phenylcne-diamine. „ 63°, ,, 267® 

[i, 4%, p-Phcnylene-diamine, ,, 147®, „ 267®. 

0 -Phenylene-diamine is coloured red, in hydrochloric acid solution, 
by ferric chloride, with the production of diamido-phenazme hydro- 
chloride (B. 27 , 2782). Oxidation with PbO, or AgjO gives o-quinone- 
di-unine, which immediatciy pol)Tnerises to dianimoazo-U-nzene. In 
the table (see below), sliowing tlie numerous o-condensations of v^bich 
the o-diamines are capable, it is o-phenylene-diamlne w’hich appears 
most frequently as the example. 

o-Amido-phenyi-urethane melts at 86® 

o-Amido-^phenyl-aniiine, b p. 217 (B 82 , 1903). 4 , b-Dinitro- 
o-phrenylene-diainine, m p. 215®, deep-red needles, by reduction of 
picramide with alcoholic Am,S (B. 41 , 3093). 

m-Phenylene-diamine with nitrous acid becomes triamido-diazo- 
benzol, or Bismarck brown. It imparts an intense yellow colour to 
a very dilute solution of nitrous acid, and can therefore lx‘ UM^d for the 
colonmetnc estimation of the latter in w’ater (B. 14 , 1015) , if the 
nitrite solution is allowed to flov\' quickly into the hydrex hloric seda- 
tion of the m-phenylene-diamine, we obtain, besides Bismarck brown, 
1, 2, 4-Nitroso-m-pheDylene-diamine NOC*H,(NH^)a, garnei nd flakes 
of m.p. 210® (B. 37, 2276). Concerning the action of CCK- 4 . CS,, ana 
oxalic ester, cp. B. 7, 1263 ; 21 , R. 521 ; 24 , 2113 ; 86 , 411 

TeCramethyl-m-phenylene-dlamioe, b.p. 267® (B. 80 , 3110). Tetra- 
pbenyl-phenylene-diamJiies CtH4'N(C«H«)t]t are produced from the 
dichloro-benzols by heating with potassium diphenyl-amine (B. 82 , 
1912). m-Phenylene-dicarbyl-amine 3‘(N : C), is transposed 

to isophtlialic nitrile by heating (C u/iz. I. 463). 

o-Nitro- and o-AmIdo-phenyl-m-phenylene-diamiDe NH, 2:C»H4. 
NH.C4H4 3]NH«, see B. 84 , 3089. 4 -Nltro-m-pheDyi 6 DeHiiamiiie, see 
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C. iqo6, I. 517. 2 , 4 -Dinltro-m-phenyIene-diainlne, m.p. 254 (B. 39, 

2538). 

p-Pbenylene-diamlne oxidises in air to the dark garnet-red crystals 

of Tetra-amIdo-dSphenyl-p-azo-phenylene 5](NH*)* 

m.p. 231® with decomposition (B. 27 , 480). By AgjO it is turned 
into di-imtne (q.v,), by MnOj and sulphuric acid into quinonc 

[qv.), by chloride of lime into qmnmie dichlorimine {q.v.). 

p-AmIdo-dimethyl-aniline NH2[4]C^|H4[i]N(CH3),, m.p. 41°, bp. 
257®, is obtained by reduction of p-nitroso- or p-nitro-dimethyl-aniline, 
or by splitting up helianthin or p-dimethyl-amido-azo-benzol (B. 16 , 
22 ^s). In acid solution it gives with SH^and ferric chloride a dark-blue 
colour — methylene blue (q.v^ — and therefore is used as a sensitive reagent 
for SHj. N, N^-dimethyl-p-phenylene-diamine CH3NHri]CeH4;4] 
NHCH3. m.p. 53°, b,p.|7 150®, lb oxidised by AgjO io quinone dimeihyl- 
tmine (B. 38 , 2248). 

Thionyl- and formyl-p-amldo-dimethyl-anlline, see B. 27 , 602 ; 
31 , 2179. p-Phenylene-dicarbyl-amine (CeH4)[i. 4 (N : C), yields, on 
heating, terephthalic acid nitrile (C. 1902, I. 463). Nitro-p*phenylene- 
diamine, m.p. 135°, lustrous green needles, from [i, 2, 4]-dinitraniline 
(B. 28 , 1707 ; 29 , 2284). 

Diamido-toliols. Toluylene-di.amines. -A ll the six isomers 
predicted by theorv are known : 

1. [i CHg, 2. 3j-Toluvlene-cliamine, m p bi®, bp 25 s® (A. 228 , 243) 

2. [i CH3, 3, 4j*Toluylene-diamine, 8S ', ,, 2^>5® 

3. [i CHg. 2, 4j'Tolu\lene-dtamine, ,, 00°, 280® 

4. [1 CHj, 2, 6]-Tolu\lene-diamine, 103®, tB. 17 . 1059) 

5. fi CHg, 3. 5j-Tolu\ienC'dinmine, liquid, 284' ‘.X. 217 , 200) 

(). [i CH3, 2, 5]-Toluylcne-dianune, m p. 64®, ,, 273®. 


[1, 3, 41-ToIuylene-diamine is the most accessible o-diamine. It is 
prepared from p-aceto-toJuidin : 


CJI4 


\[4 NH.COCH3 


-^C,H 3 


/[iJCH, 

[ 3 :no, 

l[4:NHCCX:Ha 


C.H, 


r:i:cH3 rrcH, 

:3:N0, ►C.Hj LVNH. 

’[ 4 :nh, ’: 4 :nh. 


1, 2, 4 -Toluylene-diamine is the fundamental body for the prepara- 
tion of ioluylene red {q.v.). 

Xylylene-dlamine. — The eleven theoretically possible diamido-x\ lols 
have all been obtained, and four of them are derivable from o-phen\ iene- 
diamine: 2 (I I Idjd, 4], m.p. 89®; -[4.5]-, m p. 126®; 

-[3. =>]-, m.p. 78® . -[3. 0J-, m.p 75^ 

Four derivatives from m-phen\ lencMliarnine : (NH,)j[i, 3](CH3), 
5] , m.p. 67® ; -[2, 4]-, rn.p. 60 ® -[4, 61-. m.p. 105® ; -[2, 5]-, m.p. 

i(»3 ®; «Tnd 

Three derivatives from p-phenylene-diamine : (NHjljfi, 4]^CH3), 
[2. 3]-. m.p. 116“ ; -[2.(.j-. m.p. 104"; -[J.s]-. m.p. 150° ^B. 86, 636). 

fl, 2 , 3 , 5 , 6j-o>Diamldo-pseudo>euinoi, m.p. 00° ; p-Diamido-pseudo* 
cumol, m.p. 78'’ (B. 24 , 1647). Diamldo-medtylene, m.p. 90” (A. 141 , 

134 ; 179 , 176, etc.). 

In the phenylene-diamincs with a methylated nucleus, the amtdyl in 
para-position to a methyl is more easily acidulated than the o- and 
m-position amidyls (B. 681). Concerning the influence of nucleus- 
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alkyls upon the alkylation of the phenylene-diamincs at the nitrogen, 
seeC. 1902, L 127Q. 

p-*Aiiildo-diphenyl«ainlne m.p. 75®, by 

reduction of p^nitroso-di phenyl-amine with (NHJjS. It also forms 
during the electrolytic reduction of nitro-benzol in hydrofluosilicic acid 
solution. Ferric chloride oxidises it to emeraldin (q,v.) (B. 40 , 289). 

Ps-Diamido-diphenyl-amlne, m.p. 158®, by semidin-transposition of 
p-amido-hydrazo-benzol (C. 1906, I. 232). 

p-Amido-triphenyl-amine NH,[4]CeH4[i]N(CgH|),, m.p. I45®-I48®. 
by reduction of the corresponding nitro-compound. A p-Chloranilino« 
tHphenyl^amine, m.p. 77^-81®, is formed by a complex reaction in the 
breaking up of tetraphenyl-hydrazin with HCl (B. 41 , 3507). 

The Condensations of the o-Diamines. 

The o-diamines ix)ssess the power in a remarkable degree of forming 
condensation products. These usually consist of ring-systems con- 
taining five or six atoms, and will be discussed in connection with the 
heterocyclic carbon derivatives. The m- and p-diamines do not 
jxissess this power. The condensation occurs in that hydrogen atoms 
of both amido-groups of an o-diamine are replaced by polyvalent 
atomic grou|>s. Frequently, when this occurs, the nitrogen atoms 
occupying the o-posiiion unite with one another. 

1. Sulphur dioxide and selenium dioxide convert the o-diamines 
into piazo'thioh and ptazo-seienols (q.v.). 

2. Nitrous acid produces aztmtdes (j.r.). 

3. The cyclic amxdincs are directly produced from the o-diamines 
on heating them with acids, their chlorides and anhydrides, as well 
as with aldehydes. A nhy dr o~bases or aldehy dins (LsLdQuhnfg). These 
are substances nearly related to the glyoxaltns or tmtdazols, and will 
be treated later in connection with these. Such condensations have 
been obsened also in the reduction of aciciylated o-nitro amido- 
compounds (Hobrecker). 

4. Cyclic ureas and thiourea derivatives axe formed from COCljand 
sen, or CSf, also by condensation with urea and thio-urea, as well as 
with ammonium sulpho-cyanide. 

5. Cyclic guantdtn derivaitves are obtained by means of carbo- 
di-imides and phenyl-mustard oils. 

6. A very interesting condensation of the o diamines is that with 
glyoxal and other a-dicarbonyl denvativc'S, as well as with grape- 
sugar, when quinoxalins rc-sult, with rejection of water (Hinsberg) 

(I- 321). 

Related six-membered rings are produced : 

7. WTien o-diamines condense with cj'anogen ; 

8. By condensation with o-dihydroxy aromatic compounds. 

9. Unsym. diamido-phenaztn is produced by the oxidation of 
o-phcnylcnc-diamine. 

10. Dibenzol-sulphonc derivatives of o-phenylcne-diaminc condense 
with alkyleoe dihaJoids — e.g. methylene icKlide, ethylene bromide, 
trimetfaylene bromide. The products are cyclic diamines, from which 
the corresponding phenyltnt-alkyUne diamines are obtained by the 
splitting ofl of the benzol-sulphone groups (B. 28 , R. 756), 



CONDENSATIONS OF THE o-DIAMINES 


1x7 

II. The o-phenylene-diamines condense also with oxalic acid, and 
the homologous paraffin-dicarboxylic acids, as well as o-phthalic acid, 
to rings of a higher number of members (A. 827 , 9). 


so. 


CA 


{f.p. 


NO,H 




►C,H4 


/C*INH\n 
\ta]N ^ 


Azimido-beosol 


HCO,H ^ /[i)NH\^u Beimmidatol ; 

> CjM, ^ ^ ” o-PbcDylene-lornunildiii 


COCl, 


C(NC,IU). 




Betuimidaxolooe 
o- PbeQyleo«*area 


-^C«H4 . nC,H, o-PbenyltM'pbenyl-fuaoidio 

CHOCHO f, 

►C.H, J [0>J-CH QyiaoMlia 

► f {i]N—CNH, )g.I>Umido-qttinoialiB 
\WN-eNH, ^ 


CN CN 


Oll^OCJUaJOH 


BrCH,CH,Br 


HOCO.COOH 


^C,H4 / pbenartj 

\WN[al/ 

^(*3^(1 ai-DUmido-pbeiUtfiA 

CH, Xgtrahydro-quinoxalia 
\[a)NH— CH, 


^C,H4 


/(xlS- 

\WN- 


COH 

dOH 


a, /f-Dioxy-qixiooxalin. 


The o-amido-phenols, the o-amxdo-thio-phcnols, and the o-dioxy- 
benzols show condensations similar to those ob^ved with the o- 
diamines. 


Differences between the o-, m-, and p-Diamines. 

1. The />ara-diamines are capable of yielding various dyestuffs. 
Mixed with primary amines (or phenols) and oxidised at the ordinary 
temperature, they are converted into tndoaminc and indophenol dye- 
stuffs ; at higher temperatures the so-called safranins are produced. 
When oxidised with ferric chloride in the presence of H,S, the para- 
diamines, containing a free NH, group, yield sulphurised dyes of thio- 
diphenyl-amine (Lauth’s dyestuffs). Manganese dioxide and sulphuric 
acid oxidise the p-diamines to quinones, recognisable by their odour. 
Ferric chloride (B. 17 , R. 431) imparts colour to the diamines. See 
above, o-Phenylene-dianiinc. 

2. The oriAo-diamines, when acted upon by nitrous acid, yield 
azimido-com pounds, e,g. azimido-benzol. The wn'fa-diamincs, on the 
contrary, yield yellow-brown azo-dyes, of the type of phenylene brown. 
Test for nitrous acid (B. 11 , 624, 627). In every acid solution, and 
when there is an excess of acid (nitrous), the meta-diamines form 
bis-diazo-derivatives. Nitrous acid (or NaNO^) converts the para- 
diainines (their salts) into bis-diazo-compounds. 

3. ^^^len the chlorohydrates of the three isomerides are 
digested with ammonium sulphocyanide, disulphocyanides, like 

^•”*^H*HSCN' “* produced. On heating these to 120“ we 
discover that the ortho-diamines are changed to cyclic sulpho>areas 
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These are not desulphurised by digestion with an 

alkaline lead solution ; while the derivatives, obtained from the meta- 
and para-diamines, are immediately blackened by the alkaline lead 
solution (reaction of Lellmann, B. 18 , R. 326). 

4. The diamines unite in a similar manner with the mustard oils. 
If these products be fused, those from the ortho-diamines decompose 
into c^xlic phenylene-sulphivurea and dialkyl-sulpho-ureas ; the fused 
mass soon becomes crystalline. The meta-diamine derivatives melt 
without decomposition, while those of the para-, after fusion, are 
completely broken up (B. 18, R. 327 ; 19, 808). 

5. The o-diamines show a series of other condensation reactions, 
which have been tabulated above; and as the m- and p-diamines 
behave differently in these transpositions, they will answer for the 
distinction of the o-derivatives from the other two classes. The 
behaviour towards phenanthraquinone is used for the detection of the 
o-diamines. A more delicate test is that with ctoconic aetd (B. 19, 2727). 
Both tests are based upon the formation of qumoxalin derivatives. 

Triamlnes. — The three triamido-benzols possible theoretically are 
known, although the symmetrical body only in the form of its salts. 

The adjacent [1,2,3] obtained from triamido-benzoic acid (from 
chr}’sanisic acid), m.p. 103®, b.p. 330® (A. 163, 23). The unsymmetrical 
[1,2,4], ^P- 132^, bp, 340®, is obtained by the decomposition of 
chrysoidifte (B. 10, 659 ; 15, 2196). or diamido-azo-benzol, and from 
the corresponding nitro-amido-derivativ'es (B. 19, 1253). When 
oxidised by air it changes to a eurhodtm dvestuff (B. 22 , 856). 
[i CHj. 2 , 3, 4 ]-Triamido-toluol (B. 14, 2657). 

Triamido-mesitylene, m p. 118®. see C. 1898, II. 539. Di-, tetra-, 
and hexamethylated triamints. see B. 29 , 1033 , 30 , 3110. 

Tetramines.— V-, [l,2«3,4]-Tetra-amldo-benzol is obtained by the 
reduction of diquinol tetroxime (B. 22, 1049). The symmetrical 
{1,2,4, 5) varietv is formed bv the reduction of dinitro-m-phenylene- 
diamine. It exhibits all the reactions of the ortho- and para-diamines 
(B. 22, 440). 

Asym. ri,2,3,S]-tetraiiiido-benzol, from tetra-nitro-benzol, see 
B. 34 , 57. 

Peniamines. — Penta-amido - benzol, from trinitro-m-phenylene- 
diamine. 

Penta-amido^toluene CH,.C^{NH,)5 is formed from trinitro-s- 
toluv lene-diamine (B. 26, 2304). 

As the number of amido-groups increases the poly amines become 
more unstable. 

In the svm. triamido-benzob the NH, groups may be replaced 
by OH groups, by heating with HCl; sym. tnamido- benzol becomes 
phloro-glucin (M. 21 , 20 ; 22 , 983). 

6. Pbeiiyl-Nltrosamlnet. 

Nitroso-com pounds are obtained when potassium nitrite acts upon 
the hydrochlorides of secondary aromatic bases. This procedure is 
similar to that emploved with the aliphatic nitrosamines. It is a 
reaction which can be used to distinguish, and separate, secondary 
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from primary and tertiary bases» as the nitrosamines are precipitatedf 
as oils, from the acid solution of a mixture of bases. The.phenyl- 
nitrosamines in alcoholic or ethereal solution, when treated with hydro- 
chloric acid gas, pass into p-nitroso-anilines : 

C,H.N<^^”» . NO[4]C,H,[i]NHCH, 

Methyl-phenyl-nitrosamine p-Nitroso-monomethyl-anilinc. 

They change into hydrazins upon reduction, or break down into 
ammonia, and the original secondary bases. They are volatile with 
steam (B. 10, 329 ; 22, 1006 ; A. 190, 151), but decompose upon dry 
distillation. 

The nitrosamines are not only intimately related to the secondary- 
amines and hydrazins, but also to the di azo-compounds. Potassium 
diazo-benzol may be readily rearranged into potassium iso-diazo- 
benzol, which yields phenyl-methyl-nitrosamine with methyl iodide. 
Unsym. phenyl-methyl-hydrazin results from the reduction of phenyl- 
methyl-nitrosamine. Potassium diazo-benzolate is formed by the 
oxidation of potassium iso-diazo-benzol. The latter, and methyl 
iodide, combine to phenyl-methyl-nitramine, which can be reduced 
to phenyl-methyl-nitrosamine, and unsym. phenyl-methyl-hydrazin. 
These genetic relations are indicated in the following diagram : 


C,H,N,.OK - 
Potassium 
diaio-beiuol 


Potassium 
Iso-diazo- benzol ' 


C,H,(N,0,)K — 

Potassium 
diazO'benzohc acid 


Methyl-phenyl- as-Methyl-phenyl- 
Qitrosamme hydrazin 

C H 

Methyl-phenyi- 

nitro-amine 


Phenyl-methyl-nitrosamine CeH^NiClljlNO, m.p. (B. 27, 

365, footnote), also from nitroso-phenyl-glycin C0H5N(NO)CH,COOH, 
on boiling with water (B. 32, 247). The methyl group is replaced by 
potassium when the substance is fused with caustic potash ; potassium 
iso-diazo-benzol results. In the cold, phenyl-methyl-nitrosamine forms 
in HCl, in alcohol, a chlorohydrate [CjHjN(NO)CH5]HCl, which, on 
boiling or heating, is transposed into the isomeric p-mtroso-methyl- 
aniline (B. 85, 2075). 

Phenyl-ethyl-nitrosamlne C,H 5 N(CjH 5 ^NO is a yellow oil, with 
an odour like that of bitter almond oil (B. 7, 218). 

Diphenyl-nitrosamine (CeiijijNNO, m.p. 6b^ consists of pale- 
yellow plates. It dissolves in concentrated sulphunc acid with a 
dark-blue colour. 

I'or other aromatic nitrosamines, see B. 88, 100. 

Nitrosanilides, — These bodies are even more closely allied to the 
diazi^-compounds than are the phenyl-alkyl-mtrosamines. They arc 
formed (i) from the anilides in glacial acetic acid solution with nitrous 
acid ; (2) from the diazo-alkali salts (normal and iso-) with acid 
chlorides in alkaline solution. Gaseous HCl breaks them up again 
into anilides and nitrosile chloride NOCl, and the anilides are always 
restored by reduction also ; alkalies, on the other hand, spht off the 
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acidyl group even at low temperatures, diazo-alkali salts being formed. 
With potassium sulphite, nitroso-acetanilide forms benzol-diazo- 
sulphonic acid and phenyl-hydrazin-disulphonic acid. With benzene, 
nitrous acetanilide yields diphenyl with evolution of nitrogen (B. 30, 
366 ; A. 325, 226). 

Nltroso-formanillde CeHjN(NO)CHO, m.p. 39® : Mltroso*aoetanillde 
C,H5N(N0)C0CH8, m.p. 40®; p-Bromo-nitroso-aoetanillde, yellow 
needles, exploding at 88®. Nltroso-phenyl-urea CeH^N (NO)CO.NHCgH,, 
m.p. 82® with decomposition, behaves like the nitroso-anilides. 

7. Phenyl-Nitramines. 

DIaso-benzolie acid, nitranilide, phenyl -nitramine CjH5NH.NO, 
or CjHjN : NOOH, m.p. 46®, colourless crj'stals, formed : (i) by oxida- 
tion of normal diazo- and iso-diazo-potassium-benzol wth potassium 
ferricyanidc or permanganate (B. 28, R. 82), besides the isomeric nitroso- 
phenvl-hy(irox\ Iamine CgHjN(NO)OH (B. 42, 3568) ; (2) by nitro- 
genation of aniline by means of nitrogen pentoxide (B. 27, 584 ; cp. 29, 
1015 ; A. 311, 91) ; {3) by the action of s^ium upon an etheric solution 
of aniline and ethyl nitrate (C. 1905. II. 894) ; (4) by decomposition of 
diazo-benzol perbromide wth alkalies, besides nitroso- benzol (B. 27, 
1273 ; 28, R. 31) ; (5) from nitrite chloride, and aniline (B. 27, 668) ; 
(6) from aniline nitrate and acetic oxyh\dride, with splitting off, as 
in the case of acetanilide, from aniline acetate (A. 311, 99). A number 
of substituted diazo- benzolic acids have been prepared by the above 
methods. 

Properties and Behavtour , — In the light, on heating, and in contact 
with mineral acids, diazo-benzolic acid is transformed into a mixture 
of o- and p-nitranUine, with which it is isomeric. It is probable that, 
dunng nitrogenation of aniline, diazo-benzolic acid occurs as an inter- 
mediate product. By reduction with sodium amalgam it passes into 
sodium-iso-diazo-benzol, and the latter easily into phenyl-hydrazin 
(B. 27, 1181). With zinc and acetir acid it yields diazo-benzol. It 
forms salts : a potassium salt CjHjH,0,K. and a sodium salt of brilliant 
white flakes. With ICH, the sodium salt gives the a-methyl ester, 

Phanyl-methyl-iUtramioe m.p. 39“, which, with sulphuric 

add, changes into o- and j>-nitro-methyl-aniline, yields methyl-aniline 
on beating with KHO, and may be reduced to mcth>l-phcnyl-nitro5- 
amine, unsym. methyl-phenyl-h>drazin, and monomethyl-amlinc. 
With methyl iodide the silver ^t gives ^-Diazo-benzolic methyl 
aster C,H,N : NOOCH,, a yellowish-brown oil, smelling of hehotrope 
(B. 27, 359 ; cp. B. 81. 177, 574). 

Homologous Diazo-benzoUe Adds. — The symmetrical tri-substituted 
phenyi-nitramines in which the o- and p-positions, with reference to 
the amido-group, are occupied, do not undergo the transposition into 
nitraniline. They are stable in the presence of mineral acids, and 
may therefore be obtained by direct nitrogenation of the corresponding 
andiiics with concentrated NO,H. 

o-Diaio-tolaolle add, a colourless oil. p-Dlazo-toInoIle add, m.p. 
52*. Diaso-psaado-aiifflolie add. m.p. 87”. 0-, m-,p-Nitro -diazo- 
benzoUe add, m.p. 65°, 86^ izz** (B. ZS, 399). Dlnltro-p-tolyl-maUurl- 



DIAZO-COMPOUNDS 


121 


nltramlne (NO,),CgH,(CH3).N(CH3)NO„ m.p. 138®, is obtained by 
the action of nitric acid upon dimethyl-p-toluidin (B. 29 » 1015). 

2 , 4 » 6-Triehloro-phenyl-iiitramlne» m.p. 135®. 2, 4 » 6-Tribromo- 
phenyl-nitramlne, m.p. 144® (C. 1905, I. 1231). 2, 4 -Dinitro-i>henyl- 
nltramlne, m.p. ioi®with decomposition, by the action of concentrated 
nitric acid upon o- and p-nitraniline or 2, 4-dinitraniline (A. 839 » 229). 

2p 4 « 6-Trinitro-pheDyl-nltramine« extremely explosive, generated as 
a by-product during nitrogenation of aniline (B. 41 » 3094 ; 42 » 2959). 

8. Dlazo-compounds* 

The aromatic diazo-derivatives, because of their ready conversion 
into the most varied substitution products of the aromatic hydro- 
carbons, and as intermediate steps in the formation of azo-dyes, are 
equally important both from a scientific and technical standpoint. 

The behaviour of the primary aliphatic amines towards nitrous 
acid was particularly emphasised. As is known, the amido-group can, 
by this means, be replaced by hydroxyl ; it is a change corresponding 
to that of ammonia itself by nitrous acid into nitrogen and water : 

NH3+N00H = H30+N3+H30 

C 3 H 5 NH 3 +N 00 H=C 3 H 30 H 4 -N 3 +H 30 . 

Among the nitrogen-containing derivatives of the aldehydo-acids 
we observed a body, in the reaction product resulting from nitrous 
acid and glycocoU ester, in w*hich the group — N = N — had joined 
itself to carbon. This substance has been termed diazo-acetic ester, 
produced according to the equation : 

C03C3H3.CH,NH,+N00H=C03C3H3.CH(N3) + 2H,0. 

The moderated action of nitrous acid upon the salts of aromatic 
primary’ amines is analogous to its action upon aliphatic a-amido- 
acid esters. It was, however, observed long before the latter. Wlien 
nitrous acid acts upon the aqueous solution of salts of primary aromatic 
amines without cooling the mixture, there follows, as in the case of 
the aliphatic amines, a replacement of the amido-group by hydroxyl : 

C3H3NH 3HCI -f NOOH = C3H3OH + N 3+ H 3O+ HQ. 

Upon cooling the solution, however, the three hydrogen atoms will 
be replaced by a nitrogen atom, thus : 

C.H.NHjQ 4. N<X)H - C^H.NasN -f aH.O 

Diaxo-benxol chloride 

C,H,NH,ONO, + NOOH « C,H,N(O.NOg)=N -h ^H.O 

Ihazo-beniol nitrate 

CgHgNHjOSO^H + NOOH « C^H,N(O.SO|H)=N -h iH.O 

Diaao-benxol sulphate. 

These aromatic diazo-bodies differ from the aliphatic, in that 
the bivalent group N3 is linked, not with both, but only with one, 
affinity to the carbon atom. The second affinity is joined to another 
univalent radicle. Bodies of this class, when boiled with water, 
yield oxy-compounds : 

C0,C3H3.CHN3-fH,0-C03C3H3.CH30H+N, 

C3H3N3C1+H,0=C3H30H+Ha+N3. 
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hydrates (incapable of isolation) is thereupon changed : they are acids, 
forming metallic salts such as C^HjN :NOK. which can be handled. 
By mineral acids, these metallic salts are changed back into the 
diazonium salts of the acids. The diazo^alkali salts, or alkaline diazo- 
totes, are transposed into the more stable iso-diazotates, partly at 
ordinary temperatures, partly on heating (B. 29 , 455). These are 
distinguished by the difficulty with which they ** couple " in alkaline 
solution, when efforts are made to form azo-dyes, with aromatic amines 
or phenols (Schraube and Schmidt, B. 27 , 514). To these iso-diazo- 
tates the structure C^HjNMe.NO was originally ascribed. They were 
derived from the “ nitrosamine form of the diazo-bodies, since, with 
methyl iodide, they yielded phenyl-methyl-nitrosamine. But it has 
been found possible, in several cases, to obtain, from the iso-diazotates, 
acid hydrates containing hydroxyl, by acidulating them. But these, 
as a rule, change rapidly into the more stable “ nitrosamine" forms 
ArNH.NO (cp. Vol. I., Pseudo-acids, and B. 85 , 2964). 

According to Hantzsch {Die Diazoverbindungen, Stuttgart, 1902), 
the isomerism of the diazo-metallic salts of identical structure is based 
upon stereo-isomerism (see Vol. I., Stereo-isomerism of ethylene deriva- 
tiv'es, and Vol. II., Benzaldoxime), according to the formida : 

C,H,N C,H,N 

KON kok 

Syn-dia£o-bexuoi- potassium Anti>diazO' benzol -potassium. 

The difference in the coupling power (see above), and in other 
reactions of the normal and the iso^azotates, respectively, is attributed 
by Hantzsch to the larger energy content of the former, in comparison 
with the latter : the two groups of diazotates might therefore also be 
distinguished as the " unstable " and " stable " groups respectively 
(see also Vol. L, Djmamic isomerism). 

There are therefore four classes of diazo-bodies, also more or less 
convertible into one another; (i) diazonium salts; (2) normal, 
or “unstable" diazotitc;*; (3) iso-, "anti-," or "stable" 
diazotates ; (4) primary mtrosamines. Their transitions correspond 
to the following scheme : 

QH»N(OH)N C^H^N:N{OH) 7=^ C.H*NH.NO. 

As of the diazo-metallic salts, so also of the diazo-bcnzol-sulphonic 
salts, and especially of the di azo-cyanides (see below), isomeric series 
have been discovered: ArN|CN may be diazonium cyanide as well 
as unstable, or stable, diazo-cyanide (benzol-azo-cyanide, cp. nomen- 
clature, B. 33 , 2556). 

I. Diazonium Salts.— Diazo-banzol chloride C,H*NCl~N, colour- 
less needles (B. 23 , 2996 ; 28 , 2053). The platinum salt, [CiHiNjCIJi 
PtCl4, consists of y^ow prisims. The gold salt, C^H^NjCl.AuCl, 
(A. 187 , 52). Mercury salt, C^H^NgCl-HgCl,. consists of white needles, 
decomposing at 122^. 

DtauMHbeaiol bromide CgHg.NgBr separates in white lamina, if 
bromine be added to the ethereal solution of diazo-amido-benzol. 
Tribrom-aniline remains in solution. 

Diaso^boniol bromido ooproos teomldf CgHiNgBr.CugBrg, con- 
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sisting of reddish-yellow needles, is decomposed by water into, cuprous 
bromide, nitrogen, and bromo-benzol (B. 28 , 1741). Concerning 
Benzol-dlazonium fluorides like C^H^N^F.HF, and benzol-diazonium- 
azides like N02CeH4N2.N3, see B. 86, 2056, 2059. 

Diazo-per-halidcs. —The diazonium hdides readily add two halogen 
atoms, but of the ten possible combinations with the halogens, chlorine, 
bromine, and iodine, the trichloride is the only one that has not been 
prepared. It may be remarked that the compound CeHjNjBrlCl 
can be prepared both from the chloride and BrI, and from the bromide 
and ClI (B. 28 , 2754). 

Diazo-benzol perbromide C^Hj.NjBr, is precipitated from the 
aqueous solution of diazo-benzol nitrate or sulphate by bromine in 
HBr acid or NaBr. It is a dark-brown oil, which quickly becomes 
crystalline. It is insoluble in water and ether, and ciy’stallises from 
cold alcohol in yellow laminae. Continued washing uith ether con- 
verts it into diazo-benzol bromide. In moist air it decomposes, 
forming phenol and tribromo-phenol. Chemically, it behaves like a 
mixture of diazo-benzol bromide and free bromine. Many compounds 
may thus be brominated with diazo-benzol perbromide, unth simul- 
taneous formation of HBr and benzol-diazonium bromide. It is 
changed by aqueous ammonia to diazo-benzol imide. Alkalies decom- 
pose It into mtrosr>- benzol and potassium-diazo-benzol. Boiling alcohol 
converts it into bromo-benzol 

Diazo-benzol nitrate C^H^NjO-NO* consists of long, colourless 
needles, winch explode with greater violence than mercury fulminate 
or nitrogen iodide when they aie gently heated, struck, or subjected 
to pressure. 

Diazo-benzol sulphate C4H5N2.SO4H consists of colourless needles 
or prisms, which dissolve readily in water. It cxj>lc>des at 100°. It 
is prepared either by diazotising aniline sulphate or by allowing 
sulphuric acid to act upon diazo-benzol nitrate (B. 28 , 2049). 

Diazo-benzol perchlorate C4H3NJO.CIO4 is distinguished by its 
difficult solubility, like potassium perchlorate. On adding perchloric 
acid to an aqueous solution of diazo-benzol chloride, it precipitates 
in the form of prismatic needles, which explode with extreme violence, 
even in a moist condition. 

Oxalate (H. 28 , 2059). 

Carbonate, nitrite, acetate (B. 28 , 1741). 

Diazonium cyanides, corresponding to diazonium haloids, have 
been obtained in the form of their silver^ double cv^iides, e,g. 
p-bromo-dlazonlum silver cyanide BrC^HiNfCNlN.AgCN (B. 30 , 
2546 ; cp. also anlsol-dlazonlum cyanide, B. W, 4106) ; the diazonium 
cyanides are equallv isomerised to diazo-cyanides. 

Diazo-benzol suiphocyanlde C^H^N^SCN is a yellow, very explosive 
mass, obtained from diazo-benzol chloride and potassium sulpho- 
cyanide. p-Chloro-dlazo-benzol sulphoeyanlde C1[4]C4H4N,.SCN re- 
arranges itself with ease into p-Sulphocyano-dlazo-benzol cblorido 
CNS[4]CeH4N,a (B. 29 , 947)- Such a change of place between 
nucleus-substituting atoms, and the acid residue of the diazonium group, 
has become known in a number of further cases ; it only occurs m the 
o- and p-posilions of the nucleus substituent ; ^us, 2, 4-dibromo- 
benzol-diazonium chloride yields a chloro-bromo-diazoniuxn bromide ; 
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and 2, 4, 6-tribromo-diazonium chloride, a dibromo-chloro^azonium 
bromide (B. 81, 1253 ; S 3 , 505 ; 86, 2069). 

p-Phenylene-bis-dlazo-ebloride C«H4(N,C1)| consists of yellow- 

coloured, very explosive needles (B. 80 , 92). 

2. Normal Di azo-hydrates are not known in a free state. In 
attempting to separate them by acids from their potassium salts, 
yellow-coloured, exceedingly explosive, and unstable precipitates are 
obtained, under certain conditions. These appear to be not hydrates, 
but anhydrides, e.g, diazo-benzol anhydride [C^Hj^N^laO ; iHChloro- 
dfatio-benzol anhy^ide [CIC4H4NJ2O. These bodies redissolve in 
acids to diazonium salts, in alkalies to diazo-metallic salts, in ammonia 
to bis-diazo-amido-bodies, in anilines to diazo-amido-compoiinds 
(B. 29 , 451), in HCN, diazo-cyanides, and with benzol-sulphinic acid, 
diazo-sulphones (B. 29 , 451 ; 31 , 637). 

Normal diazo-benzol potassium is produced on intro- 

ducing a saturated aqueous solution of diazo-benzol chloride into an 
excess of highly concentrated caustic potash (B. 29 , 461) It forms 
white, pearly flakes which can be quantitatively reconverted into 
diazo-benzol chloride. Normal sodium-di azo-benzol is iormed in 
small quantities by the action of sodium amide upon nitro-benzol 
(B. 87 , 629), or of NHjOH upon nitro-benzol in alkaJine solution (B. 
38 , 2056). It yields ^azo-esters in the cold, with alcohols (B. 29 , 
4SS) ; see B. SO, 339, for the reduction ot potassium diazo-benzol to 
phenyl-hydrazin. WTien alkaline diazo-benzol solutions are oxi- 
dised with potassium ferricyanide or potassium permanganate, the 
principal pr^uct is diazo-benzol acid, together with a little nitroso- 
benzol, nitro-benzol, azo-benzol, and diphenyl. Benzoyl chloride and 
sodium hydroxide change normal potassium diazo-benzol into nitroso- 
benzanilide C4HjN(NO).CO.C4H4 (B. 30 , 214). Salts of the heavy 
metals with diazo-benzol are obtained by the precipitation of solu- 
tions of potassium diazo-benzol with metallic salts (B. 23 , 3035 ; 
28 , 226). 

Diazo-benzol methyl ether CgHjNj.OCHj, isomeric with meth\i- 
phenyl-nitrosamine, is obtained from normal or iso-diazo-benzol silver 
and methyl iodide, as well as from diazo-benzol potassium and methyl 
alcohol. It is a yellow, volatile oil, rapidly turning dark in colour, 
possessing a penetrating, stupefying odour, and decomjxising shortly 
after its liberation. Boiling dilute sulphuric acid decomposes it into 
nitrogen, methvl alcohol, and phenol (B. 28, 227, 236). 0 - and p- 
Nltro-diazo-benzol methyl ether NO,.C4H4N,.OCH, (B. 28, 236). 

On saponification with alkali in the cold, the diazo-ethcrs give 
normal diazo-alkali salts (B. 86, 4361). 

Di-p-nltro-phenyl-dlazo-sulphide [NOif^tjC^H^N^j^S is precipitated 
as an egg-yellow, very explosive mass, on adding hydrogen sulphide 
to a neuti^ solution of the diazo-chloridc. With benzene it forms 
nitro-diphcnyl. nitrogen, and sulphur ; di-p-nitro-diphenyl disulphide 
is formed simultaneously. In an acid solution with an excess of 
hydrogen sulphide there is produced, along with the diazo-sulphide. 
p 4 itr^beo 7 l-dlaso*mereapian hydrosulphlde |SIi.SH„ 

consisting of red, brilliant, metallic-looking needles, which dissolve 
with a deep*red colour in the alkalies. They decompose, when fused, 
with the formation of nitro- phenyl-hydrazin, nitraniline, sulphur. 
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and dinitro-phenyl disulphide. Non-explosive Dl • p - nltro'- phenyl - 
illaz(K4Isulphlde [NO,C,H4N,],S, is finally the third product in the 
action of hydrogen sulphide. It is insoluble in alkali. It consists of 
sulphur-yeUow needles, soluble in acetone (B. 29, 272). See Thio- 
phenol for diazo-benzol-thio-phenyl ether. 

3. Iso-DiAZO-HYDRATES are liberated from their potassium salts by 
acetic acid. They are very easily decomposed. Those of benzene 
and toluol are colourless oils. These substances are mostly, however, 
not the real hydrates, but their pseudo-forms : primary aryl-nitros- 
amines ArNH.NO. In some cases, as in the dibrom-anisol-diazo- 
hydrate, the hydroxyl forms have been isolated as unstable precipitates 
easily passing into nitrosamines. In undissociating solvents they 
react energetically with NH3, acetyl chloride, and PCl^, whereas the 
nitrosamine forms remain indifferent (B. 35, 2964). 

Potassium Iso-diazo-benzol QHjNjOK is formed on digesting 
potassium diazo-benzol for a brief p>eriod at I30®“I35° with concen- 
trated caustic p)otash ; and when fused, caustic potash acts upon phenyl- 
methyl-nitrosamine, into which it returns upon treatment with methyl 
iodide (B, 27, 514, 672, 680). Sodium amalgam reduces it with ease 
to phony 1-hydrazin (B. 29, 473 ; 30, 339). With benzoyl chloride 
and sodium hydrate, as well as during oxidation, it behaves like the 
normal diazotate, but differs from the latter qualitatively by the 
omission of dye-formation, e,^. on mixing wdth jS-naphthol in alkaline 
solution (B. 27, 517). Potassium iso-diazo-benzol is also formed direct 
from aniline and phcnyl-hydrazin by the action of alkyl nitrite and 
alkali alcoholate, liberating nitrous oxide in the latter case (B. 33, 3511 ; 
41, 2808) ; it has also been obtained from oxy-azoxy-benzol 
(N20)C,H40H by oxidising decomposition wdth MnOiK (B. 33, 1957). 
Potassium iso-p-diazo-toluol results when its isomeride is exposed to 
the air (B. 29, 1385). Sodium iso-p-nitro-diazo-benzol C4H4(N02) 
NjONa+zHjO yields nitro-phenyl-methyl-nitrosamine vdth methyl 
iodide, whereas the silver salt forms the corresponding diazo-ester 
(B. 29, 1384). 

4. Diazo-benzol Sulphonic Acid, benzene azchsulphonic acid 
C4H5N2SO3H, is very decomposable (B. 30, 75). Its potassium salt 
is produced upion introducing diazo-benzol nitrate into a cold, neutral, 
or feebly alkaline solution of di-potassium sulphite ; the liquid sohdi- 
fies to a yellow, crystalline mass. Under other conditions a more 
easily decomposable, orange-coloured salt is formed (B. 27, 1715. 
2930). For the sensitivity of the diazo-benzol sulphonates to light, 
and their application in photography, consult B. 23, 3131. Mono- 
potassium sulphite reduces diazo-benzol nitrate to potassium phenyl- 
hydrazin sulphonate, which mercuric oxide o\ldl^cs to potassium 
diazo-benzol sulphonate (B. 27, 1245). 

p-Nitro-diazo-benzol nitrate and one molecule of KjSOj yield 
potiuislum p-nitro-dlaxo-bensol sulphonate, which also appears to exist 
in two forms. The acid crystallises, with four molecules of water, in 
ruby-red prisms (B. 30, 90). On using tw^o molecules of potassium 
sulphite the product is potassium p-nitro-pheinl-hvdrazin disul 
phonate r4H4(N0t)N{S0,K)NH.S03K (B. 29, 1829). p-Chloro- and 
p-bromo»benaolHllaso-sulphonle aeld (B. 30, 75). 

The diazonium salts and bcnzene-sulphinic acid combine to Benieno- 
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(c) ChloTO- and bromo-derivatives are formed, if the PtCl|- and 
PtBr^- double salts are heated alone ; or, which is better, with dry 
soda or salt : 

(C.HjNjClljPtCli^aCgHja+aN.+Pt+aCl,. 

(d) WTien the diazo-perbromides are boiled with alcohol (the latter 
is oxidised to aldehyde), bromo-benzols are formed : 

C.H,N,Br,+CH3CH,OH=CeH4Br+N,-f2HBr+CH,CHO. 

The reaction? indicated under a, b, c, and d were all observed by 
P. Griess. Another reaction belongs to this group ; it was discovered 
by Sandmeyer (B. 17 , 2650 : 23 , 1880), and is capable of far greater 
generalisation. It is based upon the fact that diazo-salts are decom- 
posed by cuprous salts : 

(e) When cuprous chloride is added to an aqueous solution of diazo- 
benzol chloride, an addition product, jClCu^Clj, is formed at 

first, but upon the application of heat this decomposes into CgH^Cl 
(B. 19 , Sio ; 23 , lOzS ; 33 , 2544) : 


C,H4N,Cl(Cu,Clj)=C.H,Cl-fN,-fCu,Cl,. 

Cuprous bromide and cuprous iodide act similarly upon the corre- 
sponding diazo-benzol stilts. 11 cuprous bromide acts upon a diazo- 
nium salt, the corresponding bromo-benzol is produced under suitable 
conditions, which proves that the cuprous haloid takes an essential 
part in the process. 

A modification ol the method consists in treating the diazo-denva- 
tives in the presence ol hydrochloric, hydrobromic. or hvdro-iodic acid 
with copper powder (B. 23 , 1216 ; 25 , 1091, footnote). The latter 
seems to act catalytically. 

3. Replacement of the Diazo-gronp by Hydroxyl.— When the salts 
(sulphates are best) are boiled with water, the diazo-group will be 
replaced by hydroxyl : 

C.HjNjBr -t-H.O-t.HjOH-^Nj+HBr 
CeH*N,NO, H, 0 =:CeH» 0 H 4 -N,+N 0 aH 
Cell ,SO,H - H ,0 = CeHjOH 4 - N , -h SO4H ,. 

rhis method often fails m negatively substituted diazonium salts. 
But it also succeeds, in these cases, on replacing the water by a mixture 
of dilute sulphuric acid and sodium sulphate (C. 1905, II. 617). 

On decomposing diazo nitrates, nitro-phenols are formed as by- 
products. On the velocity ol phenol splitting, see A. 325 , 292 ; B. 
31 . 3519- 

4. Replacement of the Diazo-group by the Sulphydrate Group.— 

On digesting the diazidc of sulphanilic acid (q.v.), a cyclic diazo-salt, 
with alcoholic potassium sulphide, the i>otassium salt of p-tbio-phenol- 
sulphonic acid will be produced (B. 20 , 350) 


In the same manner, when mercaptan acts upon diazo>benzoI< 
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sulphonic acid, a compound results which, upon standing or warning, 
decomposes into thio-phenol-ethyl-ether-p-sulphonic acid : 



C,H.SH 


C.H4<^ 


N,SC,Hg 

SO,H 


-N. 


C.H, 


/SC,H.. 

\SOjH 


With xanthogenic salts (Vol. I.) the diazonium salts form aromatic 
xanthogenic acid esters, like C^HjS.CSOC^Hj, which, on saponification, 
yield thio-phenols (/. pr. Ch. 2, 41 , 184). 

For the reaction of diazonium salts with thio-glycolic acid, see 
C. 1908, I. 1221. 

5. Replacement of the Diazo-group by the Sulphlnic Acid Residue 

is brought about by conducting sulphurous acid through solutions of 
diazonium sulphates, or treating them with alcoholic SO, solution, 
bisulphite, and Cu powder (B. 32 , 1136 ; C. 1902, I. 959) : 

CeH,N,(S 04 H)+S 0 ,+Cu=CeH 5 S 0 ,H + N,+S 04 Cu. 


6. Replacement of the Diazo-group by the Nitro-group.— The diazo- 
benzol nitrite solution is added to freshly precipitated cuprous oxide, 
or the solutions of diazonium, and mercury mt rites, are decomposed 
with Cu powder (B. 33 , 2551). 

7. In a few cases the diazo-group may be replaced by amine 
residues, e.g, in the diazide of amido-anthra-quinone-sulphonic acid 
by treatment with ammonium carbonate or amines (B. 35 , 2593). 

8. Replacement of the Diazo-group by the Cyanogen Group.— This 
reaction connects by easy stages the nitro-amido-benzols with the 
nitro-benzoic acids, and the latter with the phthalic acids. The im- 
portance of this fact has been mentioned. Add the diazo-benzol 
chloride solution to a copper sulphate solution mixed with potassium 
cyanide (B. 20 , 1495 ; 23 , 1630) : 


CeH,N ,CN = C,H,CN + N 

9. Sulpho-cyanides (rhodanides) result when the diazo-salts are 
boiled with potassium and cuprous sulpho-cyanides (B. 23 , 770). 

10. WTien a solution of diazo-benzol sulphate is mixed with potas- 
sium cyanate, and reduced coppier is then added (B. 25 , 1086), phenyl 
iso-cyanide or carbanile will result. 

11. Formation of Diphenyl Compounds from Diazo-derivatives.— 
Diphenyl derivatives frequently appear as by-products in the treat- 
ment of diazo-bodies wnth reducing agents — e,g, stannous chloride 
(B. 18 , 965), alcohol, and reduced copper {B. 23 , 1226), alcohol alone 
or sodium ethylate (B. 28 , R. 389) — as well as in the action of water, 
of phenol (B. 23 , 3705), and of potassium ferricyanide (B. 26 , 471). 
Into aromatic hydrocarbons and heterocyclic compounds — r.g. thio- 
phene, pyridin, and quinolin — diazo-benzol chloride introduces the 
phenyl group. This occurs very easily in the presence of aluminium 
chloride (B. 26 , 1994) ; 

C,H,N,a + C,H, + N, + HCl. 

The diazo-residue in the diazo-oxides, diazo-sulphides, and iso- 
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diazo-hydrates is readily replaced by cyclic residues (B. 28 , 404 ; 29 , 
165. 274. 452) : 

rNO,C.H,N,l,S f 2C.H, - J NO, 0 ,H, C,H,4- N, + H,S 
C,H,X,OH+C,H,N (pvridiQ)=C,H,.C,H4N + N, + H, 0 . 

12. On treating diazonium salts with amm. cuprous oxide solu- 
tion, they are mostly converted into azo-benzols with evolution of N : 

2CeH*N,Cl+Cu,0=CeHjN : N,+CuCl,-f CuO , 

whereas the diazonium salts, from o- and p-nitraniline, usually give 
the corresponding diphenyl derivatives (A. 820, 122). 

13, The reactions ii and 12 are simultaneous when saturated 
potassium ferrocyanide solution acts upon diazonium salts, the azo- 
compounds of the diphenyl series being produced (C. 1907, 1. 1789). 

Other Reactions of Diazo-derivatives, in which nitrogen is not 
set free : 

1. Phenyl-hydrazins are produced in the reduction of diazo-salts. 

The action of benzol-diazonium chloride upon zinc -ethyl, in etheric 

solution, produces ethylated phenyl-hydrazms and also diethyl- 
benzidin (B. 85, 417Q ; C. 1905, 1. 79). 

2. When diazo-compounds are oxidised in alkaline solution, they 
are converted into nitroso-benzol and phenyl-nitro-amine or diazo- 
benzol acid. 

3. The behaviour of diazo-bodies toward ammonia, alkylamines, 
aniline, and related bases, when diazo-imido-, diazo-amido-, and 
mixed azo-derivatives arise, is worthy of special note. These very 
important reactions will be giv en in detail, with the indi\idual classes. 

4. Hydraznues result when diazo-benzol, in alkaline solution, acts 
iipnn bodies containing the group CH,CO. The primarily termed 
hydrazones often rearrange themselves, with additional quantities of 
the diazo-lx nzol Svilt. into tormazvl derivatives, which belong to the 
class of amiuine> (B. 27, 147, 320. 1679 ; 29, 1386 ; 81, 3122 ; 82, 2880). 

9 . Diazo-amido-compounds. 

10. Dis-diazo-amida-eompounds. 

The diazo-amido-compounds are derived from the unknow’n hydride 
KH=X— NH,. in which the hydrogen of the imidc group is replaced 
by an aromatic residue — e.g. phenyl, tolyl, etc. — and the hydrogen 
of the aniido-group by aliphatic or aromatic rt*sidiies : mixc*d 
and true aromatic diazo-amido-compounds. The dis-diazo-amido- 
bodies are also derivatives of an unknown nitrogen hydride, 
NH= H. 

Formation of Diazo-amido-derivatlves.--T}iey result from the 
transposition of primary and secondary amines with diazo-salts : 

la, Primarj* aromatic amines yield diazo-amido- or dis-diazo- 
amido-bodies, depending upon the conditions of experiment. Diazo- 
anrudo-conipounds are formed when equimolecular quantities of diazo- 
sait and primary amine interact : 

C^H^N,.C1 + NH,C^H*-C.M4N : N.NHC*H*+Ha 
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Substituted anilines containing the substituent in p- or o-position 
react essentially like aniline itself, but in meta-substituted anilines, 
like m-toluidin, the formation of amido-azo-compounds becomes pro- 
minent (/. pr, Ch, 2, 65 , 401). 

Diazo-amido-compounds are also produced when an alkali nitrite, 
in the absence of mineral acids, acts upon the salts of primary amines : 

zCeH^NH^HCl+NOjK^CeH^N : N.NH.CeH^+KCl+HCl+zHjO. 

lb, A dis-diazo-compound results if a molecule of aniline be 
allowed to act, in alkaline, alcoholic solution, upon two molecules of 
a diazo-benzol salt. It can also be obtained by transposing diazo- 
benzol chloride with diazo-ami do-benzol (B. 27 , 703) : 

aC.H,N,Cl+C.H.NH. = ;>NC,H. + aHCl 

C.H,N,CH-C,H,N ; N.NHC.H, = + HQ. 

Primary aliphatic amines react, wnh special readiness, with diazo- 
benzol chloride, forming dis-diazo-amido- compounds, so that the 
isolation of the simple aliphatic-aromatic diazo-amido-compounds 
only succeeds under special conditions (B. 38 , 2328). 

\Mien a diazo-benzol salt solution is allowed to flow into cold, 
concentrated ammonia, dis-diazo- benzol -amide C^H^N .N.NL.N : 
NC'^Hg (11 28 , 1 71) will be produced. 

The normal diazo-alkali salts also vield diazo-amido-compounds 
(11 29 , 289 . The iso-diazo-salts, due to the transposition, are, how- 
ever, geneiallv incapable of reactions 

If. Secondary aromatic and aliphatic bases \i(!d scL^ ndarv 
aromatic, or mixed aliphatic-aromatic, diazo-amido-compounds (B. 
8, 148, 843 : C. 1905, 1 . 1539), 

2. Diazn-amido-compounds are also produced by the action of free 
nitrous acid upon alcoholic solutions of tree primary amines, the free 
diazo-benzol hydrate or anhydride fir'>t formed turning into aniline ; 

CeH5N,.OH + NH,CeH,-CeH,N : N 

If nitrites, such as silver nitrite, act upon free aniline, salts of the 
diazo-amido-compouiul> are geiu rated (B. 29 , R. 115S). 

3. A method specially uselul for preparing mixed fatty-aromatic 
diazo-amido-compounds is based upon the action of organo-magnesiuin 
compounds upon the aryl esters of nitrogen hydride. Addition pu»- 
diicts containing Mg are first formed, and fiom these water hberaie^ 
the diazo-amido-compounds (D. 38 , 6S3) : 

N 

1( -f CH, Mg I » C.H, N : N N(MkI}CH, 

C,H,N : N.N(MgI)CH, -h H,0 - : N NHCH, -^MgKOII). 

4. Nitrosamines, and primary amines, also yield diazo-amido- 
compounds (B. 27 , 655). 

Nitroso-acetanilide undergoes transposition with aniline, acetic 
acid and diazo-amido-benzol being formed. If i mol. aniline is used 
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for every 2 tnols. nitroso^c'tanilide in an alkaline solution, an aro- 
matic dis-diazo-amido-compound is obtained : 

NO+NH,C,H, - C,H,NH— N-NC,H,+CH,COOH 


Course of the Reaetion in the Formation of Diaio-amido-deriva- 
tlves* — It is an interesting fact that the same diazo-benzol-p-amido- 
toluol is formed, e,g., from diazo-benzol chloride and p-toluidin, as 
from diazo-p-toluol chloride and aniline, although different com- 
jx^unds might well have been expected : 


C,H»X,Cl-fNH,[4]C,H.[i]CH, ► I. C,H»N-N.NH[4]C,H,fi]CH. 

CH,:i]C,H4[4]N,a+NH,C,H» ► II. CH,[i]C,H4[4]N-N.NHC.H,. 


By method 3, the transposition of phenyl-azide witli p-tolyl-mag- 
nesium bromide, and of p-iuU l-azide with phenyl-magnesium bromide, 
identical products are also obtained. 

The constitution of the substances produced is best determined by 
transposing them into phenyl iso-cyanate. Thus, diazo-benzol-p- 
amido-toluol forms a urea wth this reagent, and this new compound 
will have either formula I'., corresponding to I., or IT., corresponding 
to fonnuia II., depending upon the constitution of the diazo>amido- 
bod \ : 


r. CO, 

r. CO 


KHC,H, 

‘ - N-N.C,H* 


XHC,H* 

C.H, 

* x«n;4;c,H4:i}CH, 


CO 


XHC,H» 

XHr4]C,H4[x]CH, 






On decomposing the urea with dilute sulphuric acid, the products 
will be phen\l*p-ioh 1-urca, phenol, and nitrogen; whereas, accord- 
ing to formula IT,, they should be sym. Jipheny 1-urea, p-cresol, and 
imrogen. Therefore, diazo-beiizol-amido-p-toluol is constituted ac- 
cording to formula I. The iraide group apparently combines with 
the more negative radicle (B. 21 , 2578; 40 , 2395). 


DmZO \MlDO-COMPOUNDS FROM PRIMARY AROMATIC BASES. 

Diaxo 'benioN amide, ^A^ffy/*/rfaz^n^ C*H,N : N.KHg, m.p. 50* 
with decomposition. Diazo- benzol-amide is the simplest conceivable 
diazo-amido-compound. Its formation, by the action of ammonia 
upon benzol-diazonium chloride, is not practicable, only dis-diazo- 
benzol-amide being formed. It is obtained by reduction of diazo- 
benzoMmide with stannous chloride and HCl in ether at : 

.N 

: N.NH,. 

N 

The cupro-salt forms yellow prismatic crystals. Diazo-benzol- 
amide is exceedingly unstable. It decompo^ spontaneously in a 
short time, but instantly, in contact with addb, in aniline, and nitrogen. 
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It combines with phenyl iso-wanate to form benzol-azo-phenyl-urea 
C^HjN : N.NHCO.NHC^H,. Oxidisers like potassium hypobromite, 
or ammoniacal silver solution, turn it into diazo benzoMmide (B. 
40 , 2376). 

Diazo - amido - benzol, benzol - diazo - anilide, diazo > benzol > anilide 
(B. 14 , 2443, footnote) CeH,.N,.NH.CeH„ melts at 96®. and explodes 
when it is heated to higher temperatures. It is obtained by the action 
of nitrous acid on the cold alcoholic solution of aniline (Griess, A. 121 , 
258) ; by mixing diazo-benzol nitrate with aniline (B. 7 , 1619) ; and 
by pouring a slightly alkaline sodium nitrate solution upon aniline 
hydro-chloride (B. 8, 1074) or sulphate with cold sodium nitrite (B. 
17 , 641 ; 19 , 1953 ; 20 , 1581). 

The combination of diazo-benzol-imide with phenyl-magnesium 
bromide gives a salt of diazo-amido-benzol, of the formula CeH^NjN 
(MgBrlCjHj, where it can be liberated by water (B. 86, 910). 

Diazo-amido-benzol consists of golden-yellow, shining laminae or 
prisms. It is insoluble in water, sparingly soluble in cold, but readily 
in hot alcohol, ether and benzene. Its transpositions will be dis- 
cussed later; the most remarkable one is its rearrangement into iso- 
meric amxdo-azo-benzol. 

Its salts are ver^’ unstable, although it forms a double salt, 
{C|2HiiN3.HCI)2.PtCl4, with hvdrochloric acid and PtCl4. It cr>s- 
tallises in reddish needles. VVhen the alcoholic solution is mixed 
with silver nitrate, the compound CjHj.NjNAg.CjHg separates in 
reddish needles. 

Sodium, in ethereal solution, converts it into C4H5NNaN=N.C4H|, 
which is decomposed bv water (B, 27 , 2315). Cuprous salt, C. 1900, 

I. 659. 

Benzene-diaxo-aeetanilide r4H3Nt=K— X(COCn3)CJI, melts with 
decomposition at 130®, and is formed when diazo- am ido-benzene 
stands with acetic anhydride in toluene solution (B. 24 , 4156). 

The />flfa-variety of the three diazo - amido - toluenes is alone 
stable. The ortho- and wc/a-forms {lorn ortho- and meta-toluidine) 
immediately pass into isomeric amido-azo-derivatives. 

Diazo - amido - compounds containing two different residues: 
Mixed diazo-amido-compounds, like Diazo-benzol-p-amido-bromo- 
benzol, melting at 91® (B. 20 , 3012). 

0 -, m-, p-Dinliro-dlazo-amldo-benzoi, m.p. 196®, 194®, 228® (B. 
27 , 2201 ; 28 , K. 303), diazo-benzol-p-amido-toluol, can be obtained 
from the diazo-derivatives of the tivo components with the free amido- 
derivatives — e.g, Dlazo*b6nzol-p-amido-toluol equally well from the 
diazo-lMinzol salt with p-toluidin, as from p-diazo- toluol salt and 
aniline. 

Dis- diazo -benzol -amide : N)2NH (B. 27 , 8qo) is ex- 

trenu l) decom jxisable. Dis - diazo - benzol - anilide = N — N 

(C^lla) — N—NCgHj consists of shining yellow flakes which explode 
at 80 ~8i® in a capillarj* tube (B. 27 , 703, 2597 ; C. 1905. 1 . 517). 

Mixed Fatty- aroma tic Diazo-amido-compounds. 

Diazo - benzol - methyl-amide, methyl - phenyl - Irtusene C4H1N : N. 
NHC 1 I|, colourless plates, m.p. 37®, obtained from diazo-benzoT 
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iiTiide and methyl-magnesium iodide. With water vapour it volati- 
lises without decomposition. With acids it is decomposed into ani- 
line, nitrogen, and the ester of methyl-alcohol. With phenyl iso- 
cyanate it forms a urea of m.p. 104®, which is split, by HCI, into 
benzol -diazonium chloride, and methyi-phcn\ l-urea. 

Copper - methyl - phenyl - triaiene CeH5N3CuCH3, orange - yellow 
prisms, m.p. 187® with decomposition. 

Acetyl-methyl-pbenyl-triaiene CeH^N : N.N(COCH3)CH3, m.p, 35® 
(B. 38 , 078). Diazo-benzol-ethyl-aiiiide, colourless crystals, m.p. 31®. 
p-Tolyl-methyl-triaaene CH3C3H1N : N.NHCHg, m.p. 81-5® (B. 40 , 2397). 
Diaio-bensol-dimethyl-ainine N.N(CIl3)2, a yellowish oil (B. 

8, 148). Diazo-benzol-piperidin C3H3X = N.NC3Hjo/ m.p. 43°. The 
diazo-piperidins are useful for preparing fluorine compounds. 

Beniol-aio-eyanamlde, phcnvl^cyano^triazene C3H5N : N.NHCN 
or : N.CN, colourless flakes puffing off at 72® The potas- 

sium salt is formed by heating diazo-benzol-imide with KCN in alcohol. 
Acids split it up into diazo-benzol and urea : 

C3H3N : N.NHCN-2H30=C3H3N,0H-fC0(NH3)3. 

Methylation of the potassium <ialt \ields methyl-phenyl-cyano- 
triazene C3H3(CH3^X N ; NCN. m.p. 09 -70^, decomposed by acids into 
ineih\ 1 -arr.line, nitrogen, and cyanic acid (B 37 , 2374). 

Dis-diazo- benzol -methyl -amine NijNCHj, light-yellow 

needles, m p 112®. Dls-diazo-benzol-ethyl-amine, m p. 70'' (b. 22 , 
Q34). 


TuE Re\KFA\GEMENTS of the I>I \Z0 AMlT>0-^OMPnrM)S. 

I. The most remarkable property of the diazo-amido-com pounds, 
containing a replaceable hydrogen atom in the p position with refer- 
ence to the NH group, is their ability to rearrange themselves into 
isomcnc p-amido-azo denvatives In the amido-a20-bod\ the amido- 
group holds the p- position with reference to the point of union : 

C^H^N^N-NHC.H* ► C.HjN-N^ijC.H^UjNH,. 

This rearraugement completes itself in the course of a few^ days, 
when a small quantity ot an aniline salt is present. It may be 
assumed that in the conversion a quantity of aniline, equal to that actu- 
aUy needed for the change, is produced ; consequently a comparatively 
small amount of the aniline salt will be sufficient to rearrange a large 

? uantit>' of diazo amido-benzol into amido-azo- benzol (Kekul6, Z, /. 

h. 689 ; B. 25 , 1376). The rapidity of the conversion is 

proportional to the strength of tie* acid whose aniline salt is employed 
(B. 29 , 1899). A strong base, such as amido-azo-benzol. is obtained 
from a body indifferent to acids — e.g. dxazo-amido-Umzol. X’arious 
intramolecular atomic rearrangements, such as the preceding, in which 
indifferent compounds are rcarrangc^d as strong bases or strong acids, 
are known — e g. the rearrangement of hydrazo-benzol as benzidin, 
of benzil into bcnzilic acid, etc. 

2 The imide hydrogen of the diazo-amidodxmzol <‘an lie replaced 
by acid radicles, through the action of acid anhydrides (see Benzene- 
diazo-acetaiiihde) . 
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3. The diazo-amido-compounds and phenyl isocyanate combine 
with urea derivatives. 

In the preceding reactions the diazo-amidobodies are not decom- 
posed. This occurs very readily (4) on treating them with con- 
centrated haloid acids ; the diazo-amido-derivatives, like the diazo- 
benzol salts, then change to haloid benzols ; the side products are 
salts of the bases previously in combination with the diazo-residue. 
Therefore the diazo-amido-compounds, in the presence of acids, are 
fully converted by nitrous acid into diazo-benzol salts. This method 
IS not suitable for the determination of the constitution of uns\m. 
diazo-amido-compounds, since it is ambiguous. Thus, on treating 
benzol-diazo-amido-p-toluol with dilute sulphuric acid, p-toluidin, 
phenol, and p-cresol are formed. The behaviour of the diazo-amido- 
bodies towards concentrated hydrofluoric acid, with the addition 
of diazo-piperidins, proved itself particularly w'ell adapted for the 
preparation of fluoro-benzols (A. 243 , 220) : 

CeH,N = N.NC,Hio-2HFl = 

5. Boiling water converts the diazo-amido-compounds into phenols 
and bases. 

6. The reduction of the diazo-amido-bodies has not kd to h\dra7o- 
amido-denvj lives -c./T' C^HjNH — NH.NH.QHj; a decomposition into 
phenyl“h\drazin and aniline has been the regular result. 

7. On boiling the alcoholic solution with sulphurous acid, the diazo- 
group is replaci d by the sulpho-group : 

C,HjN,NHC,Hj-f2S0,-h2H,0 « C.H.SUsH -- N,- C H, SO^H, 

11. Diazo-oxy-amido-compounds. 

These compounds are formed (i) from diazo-com pounds with 
^-alk\l- and alph\ 1 -ln droxvlamines (cp. B. 32 , 1346; A. 353 , 228); 
(2) from phenyl-h\ drazins and nitroso-bcnzols, in the latter case with 
liberation of htdrugen. If a-alkylated phenyl-hvdrazins are u:>ed, 
we grt bodies like C,H,N{CH,)N or C,H*N\CH3)N . N't 

i.r. analogous to azo\y-comp<ninds. 

Diaso-oxy-amido-benzol CgH5Nj.N{OIl)i'eil5. nip. \ellu\\I^h 
ne(‘dles of silky lustre, from nit rose- benzol with phcn\ 1-hydrazin, or 
from diaza-lH*nzol with phenyl-hydroxylamine. 

Benzo]-dlaz(M)xy-amido-methane t,H5N,.NiOH)CH,, m p. 70^ 
from j 3 -methyl-bydrox\lamine and diazo-benzol chloride ^B. 30 , 
2278). Other compounds, see B. 32 , 3554 ; C. 1909, II. iS. 

12. Diazo-lmido-eomponnds. 

The diazo-imido-comjKmnds are ethers of hydro-nitric acid — 
hydrazoic acid. They are produced : 

X. By the action of aqueous ammonia upon diazo-benzol per- 
bronudes: 


C|li|N, lirj t Niiji 
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2. By the action of bydroxylamine upon diazo-benzol sulpljate 
(B. 25 t 372 ; ae, 1271) : 

C^H4N,0S0,H+NH,0H * CgHjN 3 MI, 0 +S 04 H,. 

The hydroxj’lamines can sometimes be replaced by the salts of 
hydrox\*lamine^i-sulphonic acid (B. 88« 3408). 

3. By the action of sodium nitrite upon the hydrochloric acid 
solution of phenyl-hydrazin, when the nitroso-phen)'l-hydrazins first 
produced lose water and form phenyl-diazo-imides : 

- c,h,n<n+h,o. 

4. From phenyl-hydrazin and diazo- benzol sulphate (B. 20 » 1528 ; 

3415) : 


C.H.NHNH, 

C.H^N.OSQjH 




NH, 

N . NC3H, 


c.h,n<(N+c,h.nh,. 


5. Hydrazin and diazo-benzol sulphate yield, on the one hand, 
diazo-benzol-imide and ammonia; upon the other, aniline and azo- 
imide or hydro-mtnc acid, as by-products. These reactions are due 
to the breaking down of a non-accessible intermediate product, 
C4H4N=N — NH.NHj (B. 26 , 88, 1271) (cp. buzylene derivatives) : 

CgHjNrN.NH.NH, N3H. 


6. By the action of sodium hypochlorite upon /J-phenyl-semi- 
carbazide, the latter being first oxidi^ to phenyl-azo-carbox\ l-amide, 
then transposed into diazo-benzol-amide, and finally converted into 
diazo-benzol-imide : 

NH.CONH, ►C.H.N : N.CONH, ►C.H.N : N.NH, ► C.H. NV |1 


Analogous reactions are g • en by a number of substitutcni phenyl- 
semicarbazidc^ (B. 40 , 3033). 

7. By oxidation of diazo-benzol-amide with potassium hypo- 
bromite, or ammomacal silver solution (B. 40 , 2388). 

Dlaio 4 Mnxol-imlde, phenylazoumde C.HjN,. b.p. 59 (12 nun), 

Ls a yellow oil with stupefying odour. It explodes at orduiary prcssuu s 
if heated 

0-, m-, and p*Niira-dlazo-benxoMmlde NO3C3H4N3, m.p. si'’, 55'', 
and 74^ p-Bromo-diato-benioMmide, m.p. 20"^ (B. 83 , 3409). 
p*Aiiiido-dlaxo-benxol-iinlde NH3C4H4N3, m.p. 62^. p*BIs-trlazo-benioI, 
p-pbenylene-bis-dlaKKimlde N3C4H4N3, light-yellow plates, m.p. 83^ 
formed from acetyl-pi-phenylene-diamine by the reactions (C. 1906, 

I. 1338) : 

CH,CONHC,H,NH, CH,CONHC,H,N, ► NHAH.N, N,C,H,N,. 

Ttamfomutloitt of tlw DUzo - benzol -liiiido^mpoands.—(i) On 

boiling with HQ they decompose into nitrogen and chloraniline 
(B. 19 , 313). (2) On boiling with H,SO, they split into nitrogen 
and amido-phenols (B. 27 , 192). (3) On boiling with alcoholic 

pota^ the dia20-benzol'Unido<oinpoun^ are partly split into nitro* 
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phenols and hydro-nitric acid (B. 25, 3328). ( 4 ) Heated by them- 
selves, the ortho-nitrogenated diazo-imides are broken up into nitro- 
gen and o-dinitro-benzols. (5) With methyl-magnesium iodide, and 
phenyl-magnesium bromide, diazo-benzol-imide form salts of diazo- 
amido- compounds, with splitting of the nitrogen ring. (6) With 
KCN, diazo-benzol-imide combines to form phenyl-cyano-triazene. 
(7) It combines additively with acetylenc-dicarboxylic ester ; with 
j 3 -ketone-carboxylic ester, as well as malonic esters, it combines to 
form five-membered heterocyclic ring-systems, of the triasol group, 
water or alcohol being set free : 

CH.COOR ^ CCOOR 

vNX.H, COCH, N(C,H.)CCH5 • 


(8) By condensation of diazo-benzol-imide with benzaldebyde-ar\ 1 - 
hydrazones, tetrasoles are formed (B. 40, 2402), e,g. : 


C,H,N< li +C,H,NH.N ;CHC,H* = C,H»N 


/N=N 




13. Azoxy-compounds. 

Formation. — (i) By reduction of nitro- and nitroso-compounds 
with methyl or ethyl alcoholic potash solutions (B. 26 , 269) * 

4C.HjNO,+3HCH,ONa = 2(C^H,N)»0+3HC0,Na-f sH.O. 

Sodium amalgam and alcohol, zinc dust in alcoholic ammonia, and 
arsenious acid in alkaline solution (B. 28 , R. 125) reduce nitro-bodies 
to azoxy-compounds. 

(2) By the oxidation of amido- and azo-derivatives {Z.f. Ch. 1866, 
309 . B. 6, 557 ; 18 , 1420 : 36, 3805), as well as by the spontaneous 
oxidation of ^-phenyl -hydroxylamine in the air. Nitroso-benzol is 
formed intermediately, and combines with unchanged ^phenyl- 
hvdroxylamine to form azoxy-benzol (see Steric hindrance). 

Behaviour.— (1) When reduced by heating with iron filings they 
y‘eld azo-comjx)unds : with ammonium sulphide, hydrazo-derivatives ; 
and with acid reducing agents, amido-bodies, resulting from the de- 
composition and rearrangement of the hydrazo-compounds first pro- 
duced. (2) Their rearrangement into oxy-azo-compounds, on digest- 
ing them with concentrated sulphuric acid, is interesting (Wallach and 
Belli, B. 13 , 525). 

Os 

Azoxy-benzol, azoxy-benzide c,H,— N m.p. 36°, forrns 

long yellow needles, easily soluble in alcohol and ether, but not in 
w'ater. It melts at 36'', and decomposes into azo-benzol and aniline 
when distilled. It is converted into p-oxy-azo-benzol by digestion 
with concentrated sulphuric acid, besides yielding other products 
(C. 1903. I. 324, 1082). 

Concerning an isomeric azoxy-benzol, m.p. 84®, formed as a 
by-product of the reduction of nitroso-benzol with alcoholic soda solu- 
tion, sec B. ♦8. ON- 

Uvii/ciK- and Al,('l,. acting on azoxy-benzol, give benzene-az^ 
diphenyl and diphenyl-azo-diphenyl (C. 1904, I. 

1491). 
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0- and p-Nitro-azoxy-benzol, m.p. 49” and 149°. The o-cotnpound 
on reduction gives phenyl-a:o-mlroso- and phenyl~a:o~amido-bemol (B. 
32, 3262). Sym. o,-dinitro>azoxy-b«nzol, m.p. 175" (B. 86, 3813). 
Sym. p,*diiiitro-azoxy-benzoI, m.p. 192®, by oxidation of p,-dinitro- 
azo-benzol. Sym. m-dinitro-azoxy-benzol, m.p. 141®, from m-di- 
nitro-benzol (B. 25, 608 ; 38, 4013). Sym. mHlIamldo-azoxy-benzoI, 
azoxy-anilittc, m.p. 147* (B. 29, R. 137). p-Tetramethyl-diamido* 
azoxy-benzol, m.p. 243°, from nitros^imethyl-aniline. Trlnltro- 
azoxy-benzols, from azoxy-benzol (B. 23, R. 104), 0 -, m«,aiid p-Azoxy- 
toluol, m.p. 59', 38°, and 70®. 

14. Azo-compounds. 

Like the diazo-derivatives, these contain a group consisting of 
two nitrogen atoms ; in the former the N, group is combined with only 
one benzene nucleus and an inorganic residue ; here it is attached on 
either side to benzene nuclei, or to a benzene nucleus and an aliphatic 
radicle ; 

C,Hj-N=N— C,H, C,H,— N = N— CH, 

Azo-tx'iixol Benzol azu-methane. 

In consequence, they are far more stable than the former, and do 
not react with the elimination ot nitrogen. 

Intermediate links between diazo- and azo-compounds are re- 
presented by the diazo-benzoi cyanides, the benzol-azo-carboxyhc 
dernatives, etc. 

Classification and Momenclatnre. — The true aromatic azo-bodies 
are distinguished as svmmetnral. those m which the two residues are 
the same, and unsymmetrical, those in which the two residues are dis- 
simiiar. Mixed azobodie^s are those in which the azo-group joins an 
aromatic to an aliphatic radicle. 

The ol the un^^vinmetrical a/.o-bodies are derived from the 

nanit'j ot the two tx><jie> in which the azo-group has replaceil an at « >111 
' I h\df*>t:< n each, separated b\ me word azo, — tlms * — N^-N 

CgH|NK Hjj,, benzol-azo-dimeth\l-aniline ; — N — N— CH,, l>en- 

zol-azom^thane. Should the benzene residues contain substituents, 
the |>osition> in the one residue are indicated by numbers i to 6, and 
in the second residue bv numbers i' to O', with the understanding 
that the azo-group occupies the i. I'-position. Dis-azo- and triJ>-azo- 
compounds, containing two or three azo-groups, are known (B. 16, 
2^12). 

Formation* — i. By the moderated reduction of nitrobodies in 
alkaline solution, f>ecause in acid sc>luiion the final reduction i>rr>durts 
of nitro-bodies, the amido-denvatives, are almost invariably produced. 
Azoxy-compounds are first formed, but by further reduction they 
pass into azo-derivatives. The reducing agents are : 

(a) Zinc dust in alcoholic potash or soda (B. 21, 3x39), or in 
ammonia. 

{b) Sodium or magnesium amalgam and alcohol (C. 1904, II. 1383). 

{c) Stannous chloride in sodium hydroxide (B. 18, 2912). 

Also (d) the electrolytic reduction of nitro-derivatives to azo-bodies 
K 1^98, II. 775 ; 1900, I. 1175 ; 1901, 11 . 153). 
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By more complete reduction hydrazo-bodies are formed, along with 
the azo-derivatives : these can eventually be decomposed into amido- 
compounds. Azo-benzol is the middle member in the series of reduc- 
tion products obtained from nitro-benzol, if ) 3 -phenyl-hydroxylarmne 
is not taken into consideration : 


C.H.NO. — 

NitrO’benzol Azoxy*benzol 


^ C,H»NH 

C,H,N C.H.NH 

Azo* benzol H yd r azo-benzol 


Aniline. 


2. By reduction of azoxy-compounds on heating them with iron 
filings. 

3. By the oxidation (a) of hydrazo-bodies, and (b) of primary 
amido-derivatives in alkaline solution. This takes place in air alone 
(B. 42 , 2938), and more easily by means ot potassium permanganate 
(.\. 142 , 3O4), potassium ferncyanide or sodium hypobromite (B. 
39 , 744). 

4. By the action of nitroso-bcnzol upon aniline. 

5. By the rearrangement ot certain diazo-amido-bodics into amido- 
azo-derivatives. 

b. By the transposition of certain diazo-amido-compounds into 
azo-amido-compounds. 

7 By action ot diazo-salts (a) upon tertiary anilines ; (b) upon 
m -diamines ; and (c) upon phenols 

The last two methods lead to amid(>-dcTivativc*s of the azo-hydro- 
carbons, some ot winch have become very important m the coal-tar 
colour industry 

Mixed azo-dcrivatives are trequentlv obtained bv combining diazo- 
salts with suitable tatty bodies, t.e. such as contain ea^lly rLj)lan- 
able hydrogen atom-' in union with carbon, or with heterocyclic co:ii- 
pouiuN like pyrrol, pvrazol, etc. 

Properlles.— The azo-hodies are more inten>cly coloured than tin 
pale-yellow azoxy-derivalives The\ unite with acids with great 
(iilTicullv unh>N the\ contain an additional ha^ic amido-groiip. The\ 
can be directly chlorinated, nitrated, and sulphonated. Reducing 
agents convert them into hydrazo-compound^, or decompose them at 
the point ot double union, with the production of ainido-compound>. 
The latter reaction serves to determine the con>tiiution of the amido- 
azo-dt ri\ alive^ 

iMMinicrNT. Symmetrical Azo-compoi nds.-~ Azo-benzol, a : c ^ 
hc^n:tiie m.p. bS"* and b.p. 293", wa^ diMrovered by 

Mitschcrhch in 1834. It forms orange-red, rhombic crystals, readily 
soluble in altohol and ether, but sparingly ^oluble in water. It is 
produced by the methods outlined abiue from nitro-benzoI, anihjio, 
and hytlrazolx'nzenc. Azoxv-bL*nzol yields it on distillation with iron 
iihiigs (B. 207 , 329). It has also Ix^en obtained from jx>tassium aniline 
b>’ action of air, and from aniline and sodium (B 10 , iSoj), It is 
( onverled into Ix^nzulin by tin and hydrochloric acid ; this is due to a 
Uans|>oMtion of the hyJrazo-lwnzol first formed. 

HCl in methyl-alcohol solution produces a fundamental change in 
iizodKmzol, reduction and chlorination taking place simultaneously 

867 , J04). W ith beiizol-bulphmic acid it combines to lorm phenyl- 
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sulphone^ydrazo-benzol. On heating with CS| mercapio-thiatoi is 
prefaced (B. 24 » 1403). 

Nitration of azo-l^nzol easily produces nitro-azoxy-bcnzols. 0-, 
m-, and p-Nitro-axo-benzol, m.p.'yi®, and obtained by 

transformation of the three nitro-nitroso-bcnzols with aniline* or of 
the three nitranilines wnth nitroso-benzol (B. 86, 3S1T, 3 ^ 1 ^)* 2 , 4 - 

Dlnliro-benzol-azo-benzol, m.p. 117®, by oxidation of the hydrazo- 
benzol. mj-and Pa-Dinttro-azo-benzol, m.p. 153*’ and 221'', Trinitron 
aMHbenzols (B. 82 , 3256). Sym. hexa-nitro-azo-benzol, m.p. 215® 
(B. 41 , 1297). 

Reduction of o-nitro-azo-compounds produces phenyl -azimide 
oxides and phenyl-pseiido-azimides (q.v.) (B. 36 , 3822). 

Axo-toluols. — o-Azo-toluol melts at 157®. m-.Azo-toIuol melts at 
55®, and p-azo-toluol at 143® (B. 17 , 463 ; 18 , 2551). Azoxylenes and 
azo-trimethyl-benzols are known. 

Mixed Azo-compolnds.— Benzol-azo-methane, azo-phenyl-methanc 
C*HjN=NCH 3, b.p. about 150®, and Benzol-azo-ethane C3H3.N = NCH3. 
CH,. b.p. about rSo®, are liquids with a peculiar odour. They arc 
obtained b^* oxidising the corresponding hydrazins with mercunc 
oxide. Sulphuric acid transposes benzol-azo-ethane into the isomeric 
acetaldehyde-phenyl-hydrazone C3H3NH.N : CH.CH, (B. 29 , 794 ; 
36 , 56). With amyl nitrite, and sodium alcoholate, both benzol-azo- 
ethane and acetaldehyde-phenyl-hydrazone give bcn:ol-azo-acci-a:d- 
oxime C3H3N : NC(NOii)CH3. In compounds of the type ; 

ArN : NC(XOH)R or ArNH.N : C(NO)R 
ArN : NC(NOOH)R or ArNHN : C(N(), K 

the dcsmotropic relations between azo- and hydrazone forms are closer 
than in the ^^imple mixed azo-bodies. lliese classes of bodies, desig- 
nated as benid-azo-aldoximes or nitroso-phenyl-hydrazones, and benzol- 
azo-nitronic acids or nitro-phenyl-hydra.ones, respectively, are dealt 
with below, in connection with the related amidrazones and /ormazyl 
compounds. 

Mixed azocompounds are also produced by combination of diazo- 
salts and substances with a reactive CH, group. Thus we obtain 
bcnzol-azo-aceto-acetic ester with dcsmotropic hydrazone forms of 
the type QH^.NHN : C(COCHJ(COOR). Concerning the structure 
of benzol-azo-amino-crotonic ester, see B. 85 , 1862. 

Certain other bodies may also be regarded as mixed azo-com- 
pounds : — Benzol-diazo-carboxylic acids and their denvatives the dui :o- 
cyanides, diphenyUsulphcxarbazone and car bo-dia zone, bcnzoyl-dia .0- 
benzol [q.v.), and numerous azo-bodies produced by combination of 
diazo-saits with heterocyclic compounds like pyrrol, pyrazol, etc. 

Ajiidoazo-compounds. — T he indifferent azo-derivatives arc all 
orange-yellow to orange-red in colour, but they are not dyes. By 
the introduction of amino- or HO groups in ortho- or para-position to 
the azo-group the resulting bodies, like o- and p-amido-azo-com- 
pounds, oxy-azo<ompounds, and especially amido-azo-benzol-sul- 
phonic acids, do become colours applicable in the dyeing of wool and 
silk (B. 85 , 4225). The number of azo-dyes is very great. Some of 
the simpiest will be discussed in the following paragraphs, while the 
most important representatives of the class, technic^y speaking, 
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will be considered in other portions of this book, particularly in con- 
nection with the naphthalene group. The sulphonic acids of the amido- 
aio-bodies are of greater importance than the parent substances. 

FonutloiL-- 1. From ^azo-amido - compounds : p - amido - azo- 
benzol is obtained from diazo-amido-benzol. In the case of diazo- 
amido-l)en^l this transposition occurs on standing with alcohol, but 
more readily by the action of a slight quantity of aniline chloro- 
hydrate. 

This reaction only occurs readily if, in the reacting diazo-amido- 
compound, the position in the benzol nucleus adjacent to the amido- 
group in the para place be unoccupied. 

However, compounds, like diazo-amido-p-toluol CH,[4]CgH4[i]N : 
N— [i']NHC4H4[4']CH,, in which the p-position with reference to the 
imido-group is occupied by CH,, also suffer this transposition. It 
occurs on heating diazo-amido-p-toiuol, dissolved in fused p-toluidin, 
to 65° with p-toluidin. 

The amido-group of the resulting amido-azo-toluol occupies the 
o-position with reference to the diazo-group. It is o-amido-azo-toluol 
or [4]-meihyl-benzol-azo-[4'\-methyl-[2']-amuio-btnzol CHj[4]C4H4[i]N : 
Nli'jC'«H,[4'JCH,[2'jNH, (B. 17, 77). 

2. By the action ot the di azo-compounds (a) upon the tertiary 
aromatic amines, or (6) upon m-diamines in neutral, or feebly acid, 
solution (B. 10, 389. 654) : 

N,NO,h-C,H,N(CH.), - C,H,.N : N.[i]C,H,[ 4 ]N(CH 4 ),-l-NO,H 
W[,3J>rig w[4jrsH( 

The first products vrith primary and secondary monamines, especi- 
ally in neutral or acetic acid solution (B. 384, 2077), are diazo-amido- 
compounds, which, under the previously mentioned conditions, are 
capable ot rearranging themselves into amido-azo-derivatives. 

But in the formation of diazo-amido-compounds from diazonium 
salts and nucleus-substituted anilines the isomeric amido-azo-com- 
pounds usually occur as by-products, and only become chief products 
111 meta-subslituted compoundi», ia-ioiUiUiii [J • pr. Ln. 2, bo, 401). 

The phenols act like the tertiary amines upon diazo-salts with 
the formation of oxy-azo-derivatives, which wnll be discussed later 
alter the arnido-phenols. 

Properties and Behaviour* — The amido-azo-compounds are usually 
crystalline, and generally dissolve readily in alcohol. They ^e yellow, 
red, or brown in colour. With acids they form two isomeric sen<^ of 
salts: yellow unstable, and violet stable salts. The former are 
produced by the action ot a defective quantity of acid uix>n amido- 
compounds, and easily pass into the darker isomeric salts by excess 
of acid, pressure, heat, etc. The dark salts are probably salts of 
the quinone-imidc-hydrazonc C4H4NHN : C4H4 : NH.HQ, and form 
the industrial amido-azo-dyes (B. 41 , 1 171). 

(i) Their decomposition upon reduction, and the great importance 
of this reaction, have l>een previously dwelt upon (B. 21, 3471 ; 
C. 1908, 1 . 721). Occasionally decomposition, such as this, tak« place 
on heating the bodies with hydrochloric acid (B. 17 , 395 )- If titanium 
trichloride is employed, the reduction splitting can be used for the 
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volumetric estimation of the dyes (B. 86, 1552). (2) Amido-azo- 
compounds may be chained to diazo-azo-derivatives with nitrous acid. 
Iso^ihydro-ph^-ieirazins may be obtained by reducing the diazo-salts 
of o-amido-azo-derivatives. (3) Indidins {q.v,) are produced on heat- 
ing p-amido-azo-compounds with aniline hydrochloride, and eurhodins 
when o-amido-azo-bodies are employed. (4) When the o-amido-azo- 
compounds are oxidised they become psfudo^azimido-derivatives, (5) 
The o-araido-azo-compounds combine with aldehydes. Condensation 
products result, which are denved from dihydro-p)uno-triazin (?.t;.). 

p^Amido-azo-benzol C^Hj.N : N[i]CjH4[4]Nll2, yellow flakes or 
needles, m.p. 1^7°, b.p.j,, 225®, boils without decomposition even at 
ordinary' pressures. It can be obtained from p nitro-azo-benzol, and is 
prepared industrially by transposition of diazo-amido- benzol (B. 19 , 
IQ53 ; 21 , 1633). XinO, and sulphuric acid oxidise it to quinone . 
reduction splits it into aniline and p-phenylene-diamine. With HCl 
It forms a bright-vellow' and a deep-violet chlorohydrate. The latter 
was, like the o.xalate, lormerly used as a yellow dye. In the coabtar 
industry it is used on a large scale as a fundamental material for ol> 
taining diazodyes and indulins. While the salt^ of amido-azo- benzol 
are unimportant as dyes, the sulpho-acids. *’ acid yellow " or “ real 
\ellow/' have valuable properties. 

p-Aeetamido^^xo-benzol, m.p. 143®. Benzol-azo-phenyl-cyanamlde 
C 4 H 4 N : NC 4 H 4 NHCN, m.p. 163®, obtained by the action of diazo- 
l^enzol chloride upon sodium cyano- aniline (C. ic)o6, II. 1054) 
Benzol-azo-phenyl-glycin r 4 H 5 N : NC 4 H 4 NHCH 2 COOH, m.p. 140®. 
obtained from phenyl - glycin and benzol -diazonium chloride (B. 
35, 5^). For further acidyl derivatives of p-amido-azo-bt^nzol, 
see B. 35, 1431 ; C. 1902, 11. 360. m-Amido-azo-benzol C,H,N,[iJ 
C,H4,3 NH„ m p. 57°; its aceto-compound, m.p. 131°, has been ob- 
taini’^ from nitroso-bcnzol and accto-m-phenylem-diamme (B. 28, 
R. 9S2). Beozol-azo-p-dimethyl-anllioe CjlljN . N 
m.p. 1 16°. p - Aio • benzol - trimethyl - ammonium iodide C.H,N : 

m.p. obtr-in^u liom bfiizol-azo-dmn thyl-amline 
with meth\l iodide. I'nhke th«- con’e>pondinf' primary and tertian,’ 
amine salts, 't does not dye wool and silk (A. 345, 303). Benzol-azo- 
dJpbenyl-amine, p-anuiao-ato hemol. m.p. 82^ o-Amido-azo>toiaol 
yH,[2]C4H4'i,N ; N[i';C,H,;3'.4'j{CHj)NH,, m p. too', from o-tolui- 
din. m-Anildo-azo-toluol CH,[ 3 jC,!l 4 'i'N N^r < 4 Hj'z', 4 ',(rH,)NH,, 
m p. 80°. m>Nitro-benzol-azo-p^amido-b«nzol, m.p. 213° (B. 28, 
R. 661). 

2, 4 -Diamido>azo-benxol CfH^NgC.lijfNIf,),. m.p. II7^ small 
yellow needles, obtained from diazo-benzoi nitrate and m-phonylene- 
^amine. Its HCl salt occurs in commerce under the name chryaoidtn, 
and dyes orange-red. On reduction it splits into aniline and unsym. 
thamido-benzol C,Hg(NHj),. 

Sfoi. Oi'Dlamldo-azo-benzol H,N'.C4H4.N,.C4i{4NH,, copper-red 
flakes, m.p. 134“, obtained by gentle oxidation of 0-phcnylcne.diamiiic, 
with polymerisation of the o-quinone-di-imine first formed (B. 38, 234H). 
The di-acetyl compound, m.p. 271*, is also obtained by reduction of 
o-nitro-acetanilide (B. 89, 4062). w 

The sym. p,*l>laiiiMo-aio>beiu(ol H,N.C4H4.N..C,H..NH, has been 
obtained from nitro-acctaoUide N'Oi.Cfiii.NH.CfiliO by reduction 
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with zinc dust and alkali, and from the diazo-compound of mono-aceto- 
phenylene-diamine, with aniline (B. 18 , 1145) ; also by reduction of 
Pa-dinitro-azo-benzol (B. 18 , R. 628). It crystallises from alcohol in 
yellow needles, and melts at 241°. 

The tetra-alkyl derivatives of p^-diamido-azo-benzol form the so- 
called " azylins/* first obtained by the action of nitric oxide upon 
dialk}'l-aniline (B. 16 , 2768) : 

Also by the action of the diazo-compounds of dimethyl-p-phcnylenc- 
diamine upon tertiary anilines (B. 18 , 1143). The azylins are red, 
basic dyes, soluble in HCl with purple coloration, and in acetic acid 
with emerald-green coloration. By reduction with stannous chloride, 
or with tin and HCl, they are split into two molecules of dialkyl-p-pheny- 
lene-diamine. By heating with alkyl iodides (4 mol.) to 100® they are 
also split up, forming tetra-alkylised para-phen\ lene-diamine. 

mmi-Diamido-azo-benzol, m.p. 155®, and Tetra-methyl-mmi-di- 
amido-azo-benzol, m.p. 118®, obtained from m-nitraniline and m- 
nitro-dimethyl-aniline by reduction with zinc dust and alkali. In 
contrast with the o- and p-amido-azo- bodies, they are very feeble dves 
(B. 35 , 4225). 

8, 2', 4 -Tri-amldo-azo-benzol C„H,3N,=h,n.c,h, n, c.r,/ m.p. 

144®. is best obtained from m - amido- phenyiene - oxammic acid 
^*^21 3.^’H.CO.COOH by diazotising, combining with m- 

ph(*n\ lene-diamine, and saponification. The action of nitrous acid 
upon m-phenvlene-diamine itself produces a mi.xture of bases contain- 
ing. besides tri-amido-azo- benzol, chiefly Phenyiene-disazo-m-pheny- 
lene-dlamine C||H4[XjC^H3(NH,)j]j, m p. The chlorides 

of tins mixture of bases form the commercial phenyiene broun. Bis- 
fnarik brown, Trsiniwc, or Manchester brown, which sen'es for d\eing 
cotton and leather (cp. B. 30 , 2203 ; 81 , iSS). 

15. Hydrazin Compounds. 

The simplest aromatic hydrazin derivatives arc : Phenyl^hydrazin 
C^Hft.NH.NH,; unsym. diphenyl hydrazin jN.NH*, and sym 

diphcnyUhvdrazin C^lIjNH.N H.C or hvdrazo- benzol. 

Fhenvl-hydrazin and unsym dipheny Miydraziri both contain an 
group. They show similar reactions in many respect^. wherea> 
the symmetrical dipheny I-h\ drazin de}X)rts Um K rather jx'cuiiarly. In 
the following paragraphs sym. diphenyi hycirazin and its homologues, 
the hydraxcxomponnds, the liydra/in derivatives longest known, will bo 
placed at the head of the aromatic hydrazins. The hydrazo-comiX)undi» 
arrange themselves with the previously discussed azo-lxxiies, with which 
they possess genetic connections. Then will follow the mono-phcnyl- 
arui the unsym. dipheny 1-hy drazin group. 

Hydraio^ompouDds.— Sy mmetrical diphenyl - hydrazin was dis- 
covored in 1863 by A. W. Hofmann upon reducing azo-benzol with care, 
and, inasmuch as it differed from the last compound in containing two 
hydrogen atoms more, it was called hydraxo benzol, a name which has 
adhere<l to symmetrical diphenyUhydrazm. 

VOL. II. 


L 



ORGANIC CHEMISTRY 


146 

Formation, — Azo-benzol and allied compounds yield hydrazo-benzo, 
upon reducing them with alcoholic ammonium sulphide, with zinc dust, 
and with potassium ot sodmm amalgam. It \s not necessary to isolate 
the azo-body ; the proper nitro- and azoxy-derivatives can be treated 
with zinc dust and sodium hydroxide. Nitro-compounds can also be 
converted in alkaline solution into hydrazo-derivatives by electrolytic 
reduction (CA. Ztg. 17 , 129, 209 ; C. 1898, II. 775). 

Hydrazo-benzol, sym, diphcnyUhydrazin C/HjNH.NHC^Hj, m.p. 
131®. decomposes at higher temperatures ; also on heating with alcohol 
to 120^-130® in azo-benzol and aniline. It forms colourless flakes or 
plates, insoluble in water, but easily soluble in alcohol and ether. It 
smelb somewhat like camphor, and oxidises spontaneously in moist 
air, or in alcoholic solution, to azo-bcnzol, giving off H2O2, especially 
in the presence of alkali (B. S 3 , ^176 ; A. 316 , 331). Hydrazo-benzol 
is an indifferent bodv, forming no salts with mineral acids, but under- 
going remarkable intramolecular atomic displacements (see Ben/idin 
and semidin transposition, below). Strong reducing agents split up 
hvdrazo-benzol into 2 mol. aniline. With nitro-benzol it transptiMS 
itself to azo-benzol and j 3 -phenvl-hvdro.\ylammc (B. S 3 , 3508). 

With phenyl iso-cyanate (B. 23 , 490) and phenyl-mustard oil (B. 
25 , 3115) hydro-benzol gives urea derivatives ; with alckhydes it gives 
various reactions : formaldehyde gives and 

acetaldehyde CH,CH< ; while benz- 

aldehyde oxidises hvdrazo-benzol to azo-benzol (/. />r. Ch, 2, 65 , 97). 
On heating with CS, it yields siilpho-carbanilide and sulphur (B. 36 , 

3841)- 

Mono-aeetyUbydrazo-beniol. m.p. 150', decomposes at hiRlur ti m- 
peratures into azo-benzol and acetanilide. Di-acetyl-htdra/o-ln 
m.p. 105® (B. 17 , 379: A. 207 , 327). Further acetyl deriNative.*^, s < 
B. 31 , 3241 ; C. IQ03. II. 354. 

0-, m-, p-Methyl'bydraio-benzol or sym. 0-, m-, p-Tolyl-phenyi- 

hydratin m> lt at loi®. 60®, and 

Sym. faydrato-toiuols CHjC,H,NH NHr.lI.CHj : o-comjKiund, 
m.p. 165®; m-rompound, liquid (A. ^ 7 , iiO) ; p-comjxmnd, m.p. 12S® 
(B. 9 , 829). Hydrazo-xylols (B. 21 , 3141). 

Sym. di -halogen-substituted h\ drazo-benznis are obtained from 
the corresponding azo-compounds. p-Diamido-hydrazo-benzol, rfi- 
fiJienin NH,'4]C,H/i]NH.NH|i'jC,H,:4'iNH., m.p. 145®, from p- 
dinitro-azo- benzol with AmS, (B. 18 , 1136). 

Unsvm. nitro-hydrazo-bcnzols have been obtained by reduction 
of nitro-az.o- and nitro-azoxy -compounds, and also from chloro-dinitro- 
and chloro-trinitro-benzol with phenyl-hydrazin (A. 190 , 132 ; 253 , 2 ; 
/. fr. Ch. 2. 37 , 345 ; 44 , 67 ; B. 82 , 3280 ; f . u/)2, II, 41). Sym. 
hexanitro-hydra^beosol, black ciy stals of metallic lustre, m.p. 201®, 
from picryl chloride and hydrazin (B. 41 , 1295). 

The Be.vzidik asu Semidis Transposition of the 

H VDRAZO-r< >M pou N PS. 

Hydrazo-benzol undergoes a very remarkable rearraiigiment into 
an isomtne compound when it is treated with acids. When azo-bcnzol 
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is reduced in acid solution, the hydrazo-benzol which is produced does 
not form salts, but even in the cold is changed by mere contact with 
adds into a diamine, a diadd base *. benzidin {q.v.) or p-diamido-di- 
phenyl. Benzidin, a fundamental substance for the preparation of 
substantive cotton dyes, is prepared technically in this way. Bi- 
phenylin, an o-, p-diamido-diphenyl, occurs in small quantities besides 
benzidin (B. 17 , 1181) ; 

C,H4[4]NH, ^ C,H»NH 

C,H4[4]NH, C,H4[2]NH, 

Benzidin Hydrazo-benzol Diphenyhn. 

The chief transposition, in which the two amido-groups take up 
a para-position with respect to the junction of the two benzene nuclei, 
is called the benzidin transposition of the hydrazo-compounds. 

The transposition is best effected by means of mineral acids, but 
benzidin, in the shape of its acidyl compounds, is also obtained from 
hydro-azo-benzol by boiling with formic, or acetic, acids (B. 35 , 1433). 

Sym. o- and m-ditolyl-hydrazin or o- and m-hydrazo-toluol, as well 
as other hydrazo-compounds in which the p-hydrogen atoms of the 
imido-groups are free in both aromatic residues, yield w 4 th mineral 
acids the corresponding p-diamido-ditolyls or tolidins, etc. 

If, however, p-hydrazo-toluol be treated with aqueous mineral acids, 
It changes in part to p-azo-toluol and p-toluidin, and partly to o-amidch 
ditolyl-amine (B. 27 , 2700). The latter body is principally formed by 
the action of stannous chloride and hydrochloric acid upon hydrazo- 
toluol : 

CH.^ HN_NH «« Cn. . CH. ^ NH H. 

p-Hydrazo-toluene o-Amido-[4, 3']-ditolyl-amme. 


This is the sentidtn transposition ; it is so called because only the 
one NH group is converted into an NHj group, and not both NH 
groups, as in the benzidin transposition. In simple p-substituted 
hydrazo-benzols the amido-group can enter the o- or p-position with 
reference to the imido-group. Hence it is necessary to distinguish 
between an 0- and p-semidin transposition. 

Often these transpiositions take place side by side, so that the 
semidin bases are obtained together with the diphenyl bases. Treated 
with HCl gas in benzene, hydrazo-benzol yields also small quantities 
of o-amido-diphenyl-aminf (Ch. Ztg, 18, 1005) : 




With stannous chloride and HCl, p-acetamido-hydrazo-benzol 
passes into aceto-p-diamido-diphenyl-amine : 

C,H,O.NH J-g NH.NH ^ H ► C,H,O.NH ^ NH NH.. 


When a substituent occupies the para-position in hydrazo-benzol. 
the benzidin transposition takes place with separation of this sub- 
stituent. Thus, benzidin is produced by p-chloro-hydrazo-benzol and 
p-hydrazo- benzol-carboxylic acid. Concerning the influence of the 
substituents upon the transposition, see A. 869, i. 
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We may here make a brief survey of the transposition in which 
anilines substituted for the nitrogen become nucleus-substituted ani- 
lines. by a wandering of the substituents ; this generally leads to a 
stronger basicity. These transpositions are : (i) that of phenyl-nitros- 
amines into p-nitroso-anilines (see above) ; (2) of phenyl-nitramines 
(diazo-benzolic acids) into p-nitraniline ; (3) of jS-phenyl-hydroxylamines 
into p-amido-phenols ; (4) of phenyl-hydrazins into p-phenylene- 
diamines ; (5) of chloryl-anilines into p-chloranilines ; (6) of diazo- 
amides into p-amido-azo-bodies ; (7) of hydrazo-benzols into benzidins 
and amido-diphenyl-amincs, the formulae being : 

1. C,H.N(CHs)NO ->ONC«H,NHCHa 5. C^H^NHCl ►ClCeH4NH, 

2. C4H4NH.NO, ►OjNCeH^NH, 6. C^HjNHlN.C.H,) -►(C4H4N,).CeH4NH, 

3. C.H^NHfOH) — >H0C4H4NH, NHNHC H |-NH,CeH4.C4H4NH, 

4. C4H4NH(NH,) ►NH,C4H4NH, ^^•^*’UC4H5NH.C4H4NH, 

To these are added a number of reactions in which carbon groups 
wander from nitrogen to the nucleus. Thus we have the transposition 
of phenyl-alkylamines into homologous anilines, of diacetanilide into 
acetamino-aceto-phenone, etc. ; also the transpositions of phenyl- 
sulphaminic acid into o- and p-anilino-sulphonic acid, of phenyl-sul- 
phuric acid, and phenyl-carbonic acid, into phenyl-sulphonic acid, 
and salicylic acid, respectively, as well as azoxy-compounds into oxy- 
azo-compounds [q.v,). 

Phenyl-hydrazin Group. — Phenyl-hydrazin and unsym. diphenyl- 
hydrazin are formed in the reduction of diazo-benzol salts and diphenyl- 
nitrosamine, as well as from the reaction products formed when nitrous 
acid acts upon primary and secondary anilines : 

j QH^NHaHCl : N.Cl ^C^HsNHNIIJTCl 

I (CeH,)2NH ^(Ceiy^N.NO .(( elU^N.NH^. 

Formation. — i. By the reduction of diazo-salts : (a) By the action 
of acid alkaline sulphites upon the diazo-derivatives. On allowing 
acid potassium sulphite to act upon the yellow potassium salt of diazo- 
benzol-sulphonic acid, colourless potassium phenyl-hydrazin sulphonate 
IS formed : 

CeH,— N=N- -SQ^K+SOaHK+HgO * C.H^NH.NHSQsK-f SO4KH. 

When the sulphonate is heated with concentrated hydrochloric acid, 
phenyl-hydrazin chlorohydrate is produced, together with primary 
potassium sulphate : 

CeHj.N2.H,.S03K-fHCl + H20 = 

The sulphazides — e.g. C3H5.NH.NH. SO, .CjHg, phenyl-benzene sulph- 
azide, or C3H5N : NC3H4N2H2SO3H, azo-benzol-p-hydrazin-sulphonic 
acid — are prepared by the action of free sulphurous acid upon the acid 
solution of diazo-benzene salts. 

p-Nitro-diazo-benzol nitrate and two molecules of potassium sul- 
phite yield potassium p-nitro-phenyl-hydrazin disulphonate, C3H4 
(N02)N{S0aK)NH(S03K), which hydrochloric acid decomposes quanti- 
tatively into p-nitro-phenyl-hydrazin. 

In the same manner dipotassium sulphite changes potassium ben- 
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zene-diazo-sulphonate into potassium phenyl-hydrazin disulphonate, 
C^H5N(S08K)NH(S03K), which can be more easily obtained from 
nitroso-acetanilide and dipotassium sulphite. It is resolved by hydro- 
chloric acid into phenyl-hydrazin and sulphuric acid, and decomposed 
by alkali into potassium benzene-diazo-sulphonate (B. 30 , 374). 

(6) Potassium diazo-benzene sulphonate can be reduced with acetic 
acid and zinc dust. 

(c) By the action of stannous chloride and hydrochloric acid upon 
the diazonium chlorides (B. 16 , 2976 ; 17 , 572) : 

CeHg.NjCl-f 2SnCl2-f-4HCl = CeH8.N2H3.HCl+2SnCl4. 

Diazo- and iso-diazo-benzol-alkali salts, when reduced with sodium 
amalgam, yield phenyl-hydrazin (B. SO, 339). 

2. Diazo-amido-bodies are reduced by zinc dust and acetic acid in 
alcoholic solution, and split into anilines and hydrazins : 

CeH5N8.NH.CeH, + 2H, = CeHe.N^Hg + NH^.CeH^ 
Diazo-amido-benzol Phenyl-hydrazin Aniline. 

3. Nitrosamines, reduced by zinc dust and acetic acid, give unsym. 
alkyl-phenyl- or diphenyl-hydrazins ; aliphatic hydrazins (Vol. I.) 
have been similarly obtained : 

c|h|)>n N0+2H, - nh.+h.o 

Diphenyl nitroso amine a-Diphenyl-hydrazin. 

Historical. — A. Strecker and Romer (1871), on treating diazo-benzol 
nitrate with acid potassium sulphite, obtained potassium phenyl- 
hydrazin sulphonate CeHgNH.NHSOgK, and, on subjecting the 
diazide ot sulphanilic acid to the same treatment, a soluble potassium 
salt, which, on boiling with HCl, yielded crystallising phenyl-hydrazin- 

p-sulphonic acid primary aromatic 

hydrazin compound. In 1875 Emil Fischer showed how to convert 
this body into phenyl-hydrazin chlorohydrate by boiling with HCl, 
and how to obtain, by means ot alkaline hydroxide, the free phenyl- 
hydrazin, a body exceedingly capable ot transposition (B. 8, 589). 

Properties,— The aromatic hydrazins are mono-acid bases, almost 
insoluble in water, but easily soluble in alcohol and ether. They boil 
at ordinary pressures with slight lecomposition, and under low 
pressures without decomposition. In air they oxidise easily, assuming 
a brown coloration (C. 1907, 11 . 1067). They reduce Fehling’s 
solution. 

Phenyl-hydrazin C5H5NH — NH^. flat crystals, m.p. 19-6®, 
b.p. 24i®-242®, b.p.,8 120®. Density at 21®, 1091. Obtained by 
reduction of benzol-diazonium chloride. Also, in small quantities, on 
heating hydrazin hydrate with phenol to 220® (B. 31 , 2909). Its trans- 
positions are described below. As one of the generators of antipyrin 
it has attained importance in industry, and it also serves as a reagent 
for aldehydes and ketones. This latter use is of special importance in 
the chemistry of hydrocarbons. 

Phenyl-hydrazin chlorohydrate CeHjNH.NHgHCl, brilliant white 
flakes, slightly soluble in concentrated HCl, yields p-phenylene-diamine 
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on heating to 200** with HCl. Carboxylates, see B. 27 , 1521. Sodlam 
phenyl-bydrarin C«H,NNa.NHt, obtained by dissolving sodium in 
phenyl-hydrazin. It forms a radish-yellow, amorphous mass, which, 
with halogen alkyls and haloids, forms the so-called a-phenyl-hydrazin 
derivatives (B. 19 , 2448 ; 22 , R. 664). 

Potassium Phenvl-hydrazin (B. 20 , 47). 

Substituted Phenyl-hydrazins (A. 248 , 94 ; B. 22 , 2801, 2809).— 
p-Chloro-phenyl-taydrazin, m.p. 83°. p-Bromo-phenyl-hydrazln, m.p. 
106°. p-Iodo-phenyl-hydrazin, m.p. 103°. o-Nltro-phenyl-hydrazin, 
m.p. 90°. brick-red needles (B. 27 , 2549). o-Nltro-s-formyl-phenyl- 
hydrazid, m.p. 177° (B. 22, 2804). 

For hetero-ring formation from these o-nitro-compounds, see below. 

p-Nitro-phenyl-hydrazin, m.p. 157®, is often useful for separating 
and characterising aldehydes and ketones (B. S 2 , 1806). 2, \-Dinitro- 
phenyl-hydrazin, yellow prisms, m.p. 197®, from dinitro-bromo-benzol 
and hydrazin hydrate (C. 1908, I. 125). 

Homologous Phenyl-hydrazins. — o-Tolyl-hydrazin, m.p. 59°. 
m-Tolyl-hydrazin, liquid. p-Tolyl- hydrazin, m.p. 61®. p-Xylyl- 
hydrazln, m.p. 78°. PseudiHSumyl-taydrazin (A. 212 , 338 ; B. 18, 3175 ; 
22, 834 : C. 1905, II. 40). 

Unsym. diphenyl-hydrazin (C,Hj),N.NH,, m.p. 34°, b.p.j, 220®, 
obtained by reduction of diphenyl-nitrosamine, forms, with glucose, 
diphenyl-hydrazones, soluble with difficulty. By oxidation with 
ferric chloride it passes into tetraphenyl-tetrazone. 

Triphenyl-hydrazln (C,H()tN.NHCeH,, obtained by the action of 
phenyl - magnesium bromide upon ^ - phenyl - hydroxylamine. By 
alcoholic HCl it is transposed into N-phenyl-benzidin C,HiNH.CjH4. 
C.H4.NH* (B. 40 , 2099). 

Tetrapbenyl-taydrazin (C4H4),N.N(C4H4)}, m.p. 144°, by oxidation 
of diphenyl-amine with MnOjK or PbO, ; also from sodium diphenyl- 
amine (CjHjljN.Na with iodine (B. 39 , 1501). It dissolves in concen- 
trated HjS04 with a deep-blue colour, being partly transposed into 
NN'-diphenyl-benzidin C,H,NH.C*H4.C,H4.NHC,H5 (cp. C. 1907, I. 
406). HCl splits it into diphenyl-amine and p-chloraniline-triphenyl- 
amine, a reaction in which diphenyl-chloramine (C4H4)|NC1 must be 
assumed as an intermediate product (B. 41 , 3508). 

Tetrs-p-tolyl-hydrazin {CH,.C,H4),N.N(C4H4CH,)*, m.p. 136®, by 
oxidation of p-ditolyl-amine with Mn04K, and by heating tetra-p-tolyl- 
tetrazone. It combines with acids, halogens, metalloid and metallic 
chlorides like PCI*, SbCl,, SnCl4, etc., to form deep-violet addition 
products, resembling salts, from which water regenerates the unchanged 
hydrazin. In neutral solvents these partly very unstable compounds 
soon decompose to form p-ditolyl-amine, and derivatives of ditolyl- 
hydroxylamine (CH8C4H4),NOH, which, however, undergo an imme- 
diate further change, wi& formation of derivatives of di-tertiary 
dihydro-phenazin (B. 41 , 3478). 

Behmiour of the Phenyl-hydraxins. — (i) While the phenyl-hydrazins 
are pretty stable towards reducing agents, they may be readily recon- 
verted into diazo-compounds by moderate oxidation ; this is effected 
by the action of mercuric oxide upon their sulphates or sulphonates. 

When boiled with copper sulphate, ferric chloride, potassium 
chromate, Caro’s add, or s<^um hypochlorite (C. 1909, II. 596), the 



BEHAVIOUR OF THE PHENYL-HYDRAZINS 151 

phenylhydrazines lose nitrogen and become hydrocarbons. This 
reaction serves for the replacement of the diazo-group by halogen if the 
free phenylhydrazine be replaced by its hydrochloride, hydrobromide 
or hydriodide (B. 18, 90, 786; 25, 1074; C. 1908, II. ioi2). The 
liberated nitrogen also answers for the quantitative estimation of the 
hydrazins. 

The phenyl-hydrazins also reduce Fehling's solution (B. 26, R. 234). 
Consult B. 28, R. 996 ; 29, R. 977, for additional reduction reactions 
with phenyl-hydrazin. 

(2) Sodium liberates hydrogen, and a-sodium phenyl-hydrazins 
result. 

(3) Nitrous acid converts the phenyl-hydrazins into nitroso- 
hydrazins. 

(4) Halogen alkyls replace the imido- and amido-hydrogen of the 
phenyl-hydrazins, and eventually form phenyl-hydrazonium compounds. 

(5) Acid radicles may also thus be easily introduced into phenyl- 
hydrazins. 

(6) Chlorine and bromine, at low temperatures, convert the primary 
phenyl-hydrazins into the corresponding diazonium salts. At higher 
temperatures, and in the presence of mineral acids, we get halogen 
phenyl-hydrazins with nuclear substitution (C. 1908, I. 2149 ; 1909, 
n. 595)- 

(7) The aldehydes and ketones combine with the phenyl-hydrazins, 
usually with the immediate separation of water and formation of phenyl- 
hydrazones. This reaction, like the oxime formation, is characteristic 
of the aldehydes and ketones. 

(8) When the phenyl-hydrazins are heated to 200° with fuming 
hydrochloric acid, they are transposed into para-phenylene-diamines 
(B. 28, 1538). 

Phenyl-alkyl-hydrazins. — The unsymmetrical compounds, with 
an alkyl residue, are called ” a ' -compounds, and the symmetrical ones 
“ jS ’’-compounds. 

Modes of Formation. — (i) Both isomers are generated by the action 
of alkyl bromides upon phenyl-hydrazin (A. 199, 325 ; B. 17, 2844). 
The isolation of the ^-compounds is based upon their capacity of passing 
into azo-compounds by oxidation with HgO. These, owing to their 
volatility, and their indifference towards acids, can easily be separated 
from the other products, and can then be converted by reduction back 
into the original j3-alkyl-phenyl-hydrazins. The a-compounds are 
formed (2) by the action of alkyl bromides upon sodium-phenyl- 
hydrazin (B. 19, 2450 ; 22, R. 664) ; {3) by the reduction of the corre- 
sponding nitrosamines with zinc dust ; (4) by treatment of j3-aceto- 
phenyl-hydrazin CeHjNH.NHCOCHa with hdogen compounds, and 
saponification with boiling dilute acids (B. 26, 946). 

a-Methyl-phenyl-hydrazin CeH5N(CH3)NH2, b.p.55 131®, by trans- 
position gives methyl-p-phenylene-diamine. a-Ethyl-phenyl-hydrazin 
CeH5N(C2H5)NH,, b.p. 237®. Both compounds on oxidation give 
tetrazone {q.v.). The ethyl compound combines with ethyl bromide 
to form Diethyl-phenyl-hydrazonlum bromide CeH5N(C2H5)2BrNH3, 
which, on reduction, gives diethyl-aniline. 

a-Propyl-, a-Isopropyl-, a-Isobutyl-, a-Isoamyl-phenyl-hydrazln 
boil at 247®, 236®, 245°, 262° (B. 30 , 2809). a-d-Amyl-phenyl-hydrazin 
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'>CH.ch,N(C,H 5).NH„ b.p.,0 I73“-I75°. has been used for the direct 

splitting up of racemic aldehydes and ketones {B. 88, 868). 

Ethylene-phenyl-hydrazin C,H,N(NH,)C,H4.N(NH2)C,H5, m.p. 90® 
(B. 21 , 3203 ; A. 310 , 156). Unsym. o-Amido-phenyl>metbyI- 
IiydrajdnNHj[2]C,H4[iJN(CHj)NH2, an easily resinified oil, is produced 
from nitro-nitroso-methyl-aniline by reduction with alcoholic Am^S. 

Hetero-ring Formations of o-substituted Phenyl-hydrazins. 
— On boiling with an alkaline hydrate, o-nitro-phenyl-hydrazin passes 
into azimidol (q.v.). The tormyl compound of o-nitro-phenyl-hydrazin 
yields a-pheno-triazin on reduction with sodium amalgam and acetic 
acid. The unsym. o-amido-phenyl-methyl-hydrazin, when treated 
with HNOj, passes into pheno-methyl-hydro-tetrazin : 


r M /[i]NH.NH, KOH 
^•”*\[2]N0. 

r H /[iINH-NHCHO H ^ 
CH /tON(CH3).NH, NOQH 

* *‘1[2]nh, ‘ 


,[i]N=N 

QHg / Azimidol 
i[2]N(OH) 

a-Pheno-triazin 

C H Pheno-methyl- 

* * l[ 2 jNH N dihydro-tetrazin. 


j 3 -Methyl- and ^-ethyl-phenyl-hydrazin are colourless oils, oxidising, 
in air. to benzol-azo-methane and -ethane, trom which they can be 
recovered by reduction. / 3 -Methyl-phenyl-hydrazin is also obtained 
from aniipyrin (q.v,) by boiling with alcoholic potash (B. 39 , 3265). 
jS-AIkyl-phenyl-^drazIn, b.p.uo 177" (B. 22 , 2233). 

Di- an(J tri-alkylated phenyl-hydrazins are prepared from the sodium 
compound of a-methyl-phenyl-/ormyl-hydrazin C^H5N(CH3)N.NaCHO 
with alkyl iodides, the formyl group being detached by means ot 
fuming hydrochloric acid. The dialkylated phenyl-hvdrazins. under 
the action of alkylene iodide, give rise to quaternary azonium compounds, 
e.g. C3H5N(CH3)2l.NH.CH3, besides tnalkyl-phenyl-hydrazins. a-^- 
Dimethyl-phenyl-hydrazin CeH3N(CH3).NH.CH3, b.p. 93°; a jS-Di- 
ethyl-phenyl-hydrazin CeH3N(C,H5)NHC2H5, b.p.^, are 

produced by the action of zinc methyl and zinc ethyl upon benzol- 
diazonium chloride (B. 35 , 4179). Phenyl-trimethyl-hydrazin, b.p.^ 93® 
(B. 27 , 696). 

Phenyl-hydrazone and Osazone. — As the aldehydes and ketones 
yield oxime's with hydroxylamines, so with phenyl-hydrazin they pass 
into phenyl-hydrazones. The compounds derived from the aldehydes 
are also called aldehydrazones ** (A. 247 , 194, footnote), the ketone 
derivatives keio-hydrazones” and the dihydrazones of the a-dicarbonyl 
compounds osazones ” (B. 21 , 984 ; 41 , 73) : 


R'.CHO+NHgNHCgHg = R'.CH : N.NHCgHg+HjO 

(R')2CO-fNH3NHCeHg = (R^C : Is.NHCgHg-f-HgO. 


The osazones are also formed from the a-oxy-aldehydes and a-oxy- 
ketones, hydrazones being formed first, in which the alcohol group, 
adjoining the aldehyde, or keto, group, is oxidised by the excess of 
phenyl-hydrazin to a CO group : 

RCHOU CHO-|-3C*H*NH.NH, =» RC( : N.NHC.HjlCH : N.NHC.H* 

-hC.HjNHj+NHj. 
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The formation of osazones has acquired a special importance in 
the chemistry of sugars (Vol. 1.). 

Of the phenyl-hydrazones, of the aldehydes and ketones, numerous 
isomeric forms have been discovered, and their occurrence is, as in the 
case of the oximes, attributed to a cis-trans-isomerism. The first 
isomeric osazones were found in 1895, through the action of phenyl- 
hydrazin upon dioxo-succinic ester (Vol. L), three forms being dis- 
covered (B. 28 , 64). But no definite evidence as to configuration 
resulted. 

The monoximes of a-aldehyde-ketones and a-diketones, treated 
with phenyl -hydrazin, yield hydrazoximes. Thus, from methyl- 
glyoxalic oxime we obtain methyl-glyoxal-oxime : Methyl-glyoxal- 
phenyl-hydrazoxime CH3C(: NNHCeH5)CH : NOH, m.p. 134° (A. 
262 , 278). 

When phenyl-hydrazones are formed, an addition product is prob- 
ably first generated, corresponding, in its constitution, to ammonia 
aldehyde. In a few cases, e.g. those of oxalacetic acid ester and dioxo- 
succinic ester, addition products have been identified, which easily 
pass into phenyl-hydrazones with elimination of water : 


COaC.Ha.CO 


co.c.h.c<:nh-nhc.h. 
= |\OH 

CO,C,H, CH, co,c,h,(1;h, 

/NH— NHCeH, 

CO,C.H, CO CO.C.H,C^OH 

co.c,H..Co +*nh.nhc.h. = co,c.hJ<'NH-nhc.h.. 

* * ^ \OH 


The fact that dioxo-succinic ester gives an addition compound tells 
in favour of the ammonia-aldehyde view, and against the ammonium- 
salt view, suggested by the case of oxalacetic ester (A. 295 , 339). Phenyl- 
hydrazin-p-sulphonic acid seems onlv to yield addition products of 
the formula RCH(OH)NHNHC,H^SO,H with the aldehydes (B. 
85 , 2000). 

Since tile phenyl-hydrazones are characteristic of the corresponding 
compounds containing aldehyde and ketone groups, they had to be 
repeatedly mentioned, in advance, in dealing with aliphatic compounds, 
and we shall deal with them again in connection with the aromatic 
compounds in which aldehyde and ketone groups are present. It 
seems, however, advisable to refer briefly to the aliphatic phenyl- 
hydrazone derivatives. The following have received mention in the 
first volume of this work : — Phenyl-hydrazones of the simple aldehydes ; 
ol the simple ketones ; of the diketones ; of glyoxylic acid ; of pyro- 
racemic acid ; of aceto-acetic ester ; of laevulinic acid ; of mesoxal- 
aldehyde ; of acetone-oxalic ester ; of mesoxalic acid ; of oxal-acetic 
ester ; of acetone-dicarboxylic ester ; of acetone-diacetic acid ; of 
tetroses ; of oxalyl-diacetone ; of dioxo-succinic acid ; of oxalo- 
succinic ester ; of arabinose ; of rhamnose ; of the glucoses ; of milk 
sugar ; of maltose and isomaltose. 

Formation of the PhenyUhydrazones, — (i) By the action of phenyl- 
hydrazin and unsym. adkyl-phenyl- or unsym. diphenyl-hydrazin 
upon aldehydes and ketones (see above). (2) By tlie addition of phenyl- 
hydrazin to trebly linked carbon atoms ; the phenyl-hydrazone of 
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oxalo-acetic ester is also produced by the addition of phenyl-hydrazin 
to acetylene-dicarboxylic ester ; 

COj.CjHj.C CO,.C,H,.C «N.NH.C,Hj 

I1I4-NH,NHC,H. « I 

CO^.CtHj.C CO,.C,H,.CH, 

(3) By the interaction of diazo-benzol salts and many aliphatic bodies, 
containing hydrogen atoms readily replaceable by alkali metals— ^.g. 
malonic ester and aceto-acetic ester : 

(CO,C,H,),CHa+C,H,— N,OH = (CO,C,H4),C=N— NH.C,H.-|-H,0 

Phenyl-hydrazone-mesoxalo-ester 


CO.C.H.CH ^ C0.C.H.C=N-NHC.H 

CHj.CO • ‘ " CHs.CO * 

Phenyl -hydrazone-aceto-glyoxylic ester. 


The examination of desmotropic forms, in which the enol- and the 
keto-forms can be isolated, has shown that only the former reacts 
with diazonium salts. We must therefore assume that, in all cases, 
the azo group tackles the enol hydroxyl, forming 0-azo-compounds, 
which transpose themselves into C-azo-com pounds and then into 
phenyl-hydrazones (B. 41 , 4012). In some cases (see Tribenzoyl- 
methane) the isolation of the various intermediate products has been 
accomplished. 

The body obtained from malonic ester with diazo-benzol hydrate is 
identical with that obtained from mesoxalic ester and phenyl-hydrazin. 
For the compound obtained from acetic acid ester, and diazo-benzol 
salts, we may have to replace the hydrazone formula C^jH5NHN : 
C(C0CH3)C02C2H5 by the desmotropic formula of a benzol-azo-aceto- 
acetic ester C^HjN : N.CH(C0CHj)C02C2H5, since in dilute sodium 
hydrate the ester dissolves into a salt from which COj precipitates the 
ester without change — a behaviour which is best explained by the 
presence of one ol the mobile H atoms of the aceto-acetic ester (B. 32 , 
197 ; A. 312 , 128). On the other hand, benzol-azo-aceto-acetic ester 
is converted into the hydrazone of pyro-racemic aldehyde by saponifi- 
cation and liberation of CO*. This involves a transposition, for the 
pyro-racemic aldehydrazone. treated with chloroacetic ester and 
sodium ethylate, yields an ester which, on reduction, yields anilido- 
acetic acid. The latter is only possible if the residue of the chloro- 
acetic acid was connected with the N atom to which the phenyl group 
had been attached (A. 247 , 190). 

The product of the combination of cyanacetic ester and diazo- 
benzol salts occurs in two forms — the a-form, m.p. 125®, and the j 3 -form, 
m.p. 85®, which are regarded as stereo-isomeric hydrazone forms 
C2H5NH.N : C(CN)COOR. Alkali easily converts the jS-form into the 
a-form (B. 88, 2266). Glutaconic ester (Vol. I.) reacts with 2 mol. 
of diazo-benzol salts, with formation of compounds containing the 
phenyl -hydrazone group as well as the azo -group COgR.C : 
(N.NHC3H5).CH : C.(N : NC*H5)C02R (B. 40 , 4928). Concerning the 
constitution of the reaction products of diazo-benzol salts upon amino- 
crotonic ester, etc., see B. 36 , 1449. 

The tendency towards the formation of phenyl-hydrazones is so 
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great that CO, is split off from alkyl-aceto-acetic acids by diazo-benzol 
chloride, with formation of the phenyl-hydrazone of an a-diketone ; 
and from alkyl aceto-acetic esters, with elimination of the acetyl 
group, phenyl-hydrazones of a-ketone-carboxylic esters are formed : 


CHs.CH.COjH 

CHs.CO 


+C,H,N,C1 


CH8.CH.C0,C,H, 

CHj.CO 


+C,HjN,Cl-fH,0 


CHs.C : N.NHC,H. 

“ CH,CO +co,+Ha 

Diacetyl-phenyl-hydrazone (Vol. I.) 

CHjC.COjCjH, H-4-HC1 

Phenyl-hydrazone-pyro-racemic ester. 


From malonic acid and diazo-benzol chloride, also, glyoxylic 
phenyl-hydrazone is formed and CO, split off (C. 1905, I. 1538). On 
rules of rejection of acidyl groups from di-acidy 1-ace tic esters by diazo- 
benzol salts, see B. 35 , 915. The latter act like HNO,, which produces 
oximes under similar conditions (Vol. I.). 

Transformations of the Phenyl-hydrazones. — On heating the 
phenyl-hydrazones with dilute mineral acids they break up into their 
progenitors. By careful reduction many phenyl-hydrazones have been 
converted into phenyl-hydrazido-compounds (B. 28 , 1223 ; 30 , 736 ; 
C. 1899, 1 . 560). The phenyl-hydrazones often unite with HCN even 
more easily than do aldehydes and ketones to form cyano-hydrins, or 
nitriles of a-phenyl-hydrazido-carboxylic acids (B. 33 , 3550). 

Very few classes of organic compounds are capable of entering into 
the formation of heterocyclic bodies to the extent manifested by the 
hydrazin derivatives, whose intramolecular condensation reactions 
are, therefore, of the utmost importance in the development of the 
chemistry of ring-systems containing nitrogen. Some of the most 
important condensations have been met with in connection with the 
phenyl-hydrazones of the fatty compounds, and will be again given in 
condensed form, while others will receive mention at the conclusion 
of the acid hydrazides. 

1. Indols result upon heating the phenyl-hydrazones of aldehydes, 
ketones, and ketonic acids with zinc chloride, stannous chloride, or 
mineral acids. 

2. Pyrazolins result from the transposition of the phenyl-hydra- 
zones of a-olefm aldehydes and ketones. 

3. Oso-tetrazones are produced when the osazones or a-diphenyl- 
hydrazones of a-dialdhydes, a-aldehyde-ketones, and a-diketones are 
oxidised. 

4. Boiling acids change the a-osazones and oso-tetrazones to oso- 
triazoles. 

5. Dehydrating agents convert a-hydrazoximes into oso-triazoles. 

6. Pyrazoles result from the phenyl-hydrazones of the 1,3-oxy- 
methylene ketones, and jS-diketones, by the exit of water ; they are 
ring-shaped nitrogen derivatives of the i, 3-olefin ketones. 

7. The phenyl-hydrazones of i, 4-diketones rearrange themselves 
into n-anilido-pyrrols. 

In preparing ring-shaped condensation products of the hydrazones 
the latter have frequently not been isolated, but simply worked 
over. 
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The following scheme represents the hetero-ring-formations possible 
with the phenyl-hydrazones : 


CH, .C =N— NHC,H, 

CH=N— NHCjH, 

(in^N— NHC.H, 
CHj.C^N— NC,H, 


CHj.C— NH. 


>C,H. 

CH ' 

CH=N— NC,H, 

I:H=N— NC,H, 


\ 


CHj C=N-NC,H, 
CHj C=:iN— NH C,H, 
CHj.i =.N— OH 


XCH, C.=^N. 

>nc,h. 


/ 


a-Methyl-indol, or methyl- 
ketol 


Glyoxal-osotetrazone 


Diaceto-ostnazone, or 
n-phenyl-dimethyl- 
osotriazole 


CHaCO +NH,KHC,H, 

(!:h=choh 

CHa CO -fNH.NHC.H, 

(!:Ha— CO 

\ 

CHa 

CHa 

/ 

CH, . CO 4-AH,sHc,a, 

(Ih, . CO 

\ 

CHa 


CHa.C=N . 

Tf I >NH.C, 

/ CH=CH ^ 

\ CH=N. 

1. ^>n.c.h, 


CH = 


'\r 


'^CHa 

CH3.C=N 

\ 

CHa 

CHa 

/ 

TH C 

> I \n.nhc.h, 

CH=C/ 

\ 

CHa 


i‘Phenyl-3-methyl-pyra- 

zole 


I -Pheny 1-5-methyl-pyra- 
zole 


i-Phenyl-3, 5-dimethyl- 
pyrazole 


n-Anilido-a-dimethyl- 

pyrroi. 


Phenyl-hydrazin Derivatives of Inorganic Acids.— Thlonyl- 
phenyl-hydrazone (6H5NH.N=SO, melting at 105°, consists of 
sulphur-yellow coloured prisms. It is obtained, like the thionyU 
alkylamines and thionyl-anilines, by the interaction of thionyl chloride 
and phenyl-hydrazin. All phenyl-hydrazins having a free amido-group 
yield thionyl-phenyl-hydrazones when acted upon with thionyl chloride 
(B. 27, 2549). Thionyl-phenyl-hydrazone is more easily produced when 
thiunyl-aniiin#* acts upon phenyl-hydrazin. Further, it results upon 
gently digesting phenyUkydrazin-sidphinic acid CeH5NH.NH.SOOH, 
obtained from sulphur dioxide and phenyl-hydrazin (B. 23, ^174). 
Thionyl chloride, acetyl chloride, and other acid chlorides rearrange 
thionyl-phenyl-hydrazin into diazo-bemol chloride, in that it reacts as if 
it were diazo-bemol sulphoxide CeH5N=N.S(OH) (A. 270, 114). 

Phenyl-hydrazin-sulpbonic acid CeH5NH.NH.SO3H.— The potas- 
sium salt is formed in the reduction of potassium benzene-diazo sul- 
phonate with sulphuric acid or monalkali sulphites. For the behaviour 
of the potassium salt towards mineral acids, and the r61e it plays in the 
history of the discovery of phenyl-hydrazin, see above. 

p *Ifttro- phenyl - hydrazin-disulpbonlo acid CeH4(N02)N(S03H) 
NH{SOeH). — Its dipotassium salt consists of sulphur-yellow needles, 
formed on adding an excess of a sulphite solution to nitro-diazo-benzol 
ester nitrate, or potassium iso-diazo-benzol. Hydrochloric acid 
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resolves it into p-nitro-phenyl-hydrazin, and it dissolves in an excess 
of potash to a red tripotassium salt C^H4(N02)N(S03K)NK(S03K) 
(B. 29 , 1830). 

Azo-benzol-phenyl-hydrazin-sulphonic acid C3H5N : N.CeH^NH. 
NHSO3H, in purple needles decomposing even below 100°, is formed 
by the action of SOj upon a concentrated solution of diazo-benzol 
sulphate. With aldehydes it condenses to hydrazones, splitting off 
the sulpho-group (C 1909, I. 355). 

Phenyl-benzol-sulphazide C3H5NH.NH.SO2C3H5, m.p. 148^-150®, 
formed from phenyl-hydrazin and benzol sulpho-chloride in ether, and 
from a diazo-benzo-salt solution with SO^ or Na hydrosulphite (B. 20 , 
1238 ; 40 , 422). 

For the action of PCI3, POCI3, PSCI3, ASCI3, BCI3, SiCl4 upon 
phenyl-hydrazin, see A. 270 , 123. 

Carboxylic Acid Derivatives of Phenyl-hydrazin. — Acid 
residues of the most varied character can be as readily introduced into 
phenyl-hydrazin, and generally by the same methods, as into aniline. 
The domain of the bodies thus won from phenyl-hydrazin is scarcely 
less extensive than that of the acid derivatives of aniline, and in the 
multiplicity of phenomena really surpasses it. 

The acid hydrazides and the hydrazido-acids have shown themselves 
to be as well adapted as the phenyl-hydrazones for the formation 
of heterocyclic derivatives. Each group of carboxylic derivatives of 
phenyl-hydrazin will be followed by the most important hetero-ring 
formations, arranged in tabular form, which will later be discussed 
in a different connection in the section devoted to ‘‘ heterocyclic 
compounds.** 

The nitro-hydrazones, amidrazones, and formazyl derivatives will re- 
ceive attention at the conclusion of the simpler carboxylic derivatives 
of phenyl-hydrazin. 

Fatty Acid Derivatives. — The fatty acid residues enter the amido- 
group of phenyl-hydrazin very readily with the production of sym. or 
jS-acidyl compounds. The unsym. or a-acidyl compounds are made 
(i) by the action of acid chlorides or anhydrides upon sodium phenyl- 
hydrazin (B. 22 , R. 664) ; (2) by action of suitable haloid derivatives 
upon jS-acetyl-phenyl-hydrazin, and subsequent splitting off of the 
)3-aceto-group on boiling with dilute sulphuric acid, when the group 
occupying the a-position will not be attacked (B. 26 , 945). 

The sym. phenyl-hydrazides. treated with ferric chloride and con- 
centrated sulphuric acid, yield reddish to bluish violet colours, whereas 
the unsym. bodies are not coloured {B. 27 , 2965, Billow’s reaction). 

Sym. formyl-phenyl-hydrazide CeH5NH.NH.CHO, from formic acid 
and phenyl-hydrazin. melts at 145° (B. 27 , 1522 ; 28 , B. 764). 

Unsym. or a-aceto-pbenyi-hydrazide CeN5N(COCH3)NH2, m.p. 
124®, is obtained from ajS-diaceto phenyl-hydrazin, by heating with 
dilute sulphuric acid (B 27 , 2964). Sym. or jS-acetb-phenyl-hydra- 
zide CeHgNH.NHCOCHe, m p. 128®. from phenyl-hydrazin with acetic 
anhydride, or by boiling with glacial acetic acid {A. 100 , 129). ajS-Di- 
aceto-phenyl-hydrazide CeH5N(CO.CH3)NHCOCH3. m.p. 106®, from 
potassium phenylhydrazine in ether with acetyl chloride (B. 20 , 47). 
Propionyl-iso-butyryl-pbenyl-hydrazide, m.p. 158® and 143®, see C. 18^, 
11. 1051. 

Hetero-ring Formations of the Fatty Acid Phenyi-hydrazide Deri- 
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vativas. — n-Phenyl-triaxole results when formyl-phenyl-hydrazide is 
heated with formamide (B. 27 , R. 8oi). n~Diphenyl~iso-dihydr(h 
tetraxin is also a formic-acid derivative of phenyl-hydrazin. It re- 
sults from the action of chloroform and caustic potash upon phenyl- 
hydrazin (compare action of chloroform and caustic potash upon 
primary amines : I. 236, and II. 84, isonitriles or carbylamines). 

The sym. or j8-acidyl-phenyl-hydrazides» treated with phosgene, 
thio-phosgene, and iso-cyan-phenyl chloride, yield heterocyclic com- 
pounds — the oxybiaxolin derivatives (B. 26 , 2870), which can also be 
regarded as derivatives of carbonic acid : 


CgHjNH.NHCHO 

c,h,nh.nh.ccx:h3 


H.CONH. CgHjN N\ ... , 

n-Phenyl-tnazolc 

HCCi, C,H,N N=CH n-Diphenyl-iso-dihydro- 

Kon ^ CH=N — NCgHg tetrazin 

COCl, C4H5N N'" p pu n-Phenyl-c-methyl- 

Co — Oy ■ ' * oxybiazolone 

^C^HkN r rH 

Co — O/' ‘ * thio-oxybiazolin 

C.H.\:CC ^ n-Phenyl c -methyl- 

C^H-N.C — 0/ * ^ phenyl-imido-oxybiazolin. 


Alcoholic Acid Derivatives of Phenyl-hydrazin. —Sym. 
Phenyl-hydraiido-acetic acid CeHgNH.NH.CH^CO.H, m.p. 158°, is 
obtained by reduction of glyoxylic phenyl-hydrazone, a process which 
can be reversed by oxidation with ammoniacal copper solution. Its 
ester is formed, besides the unsym. compound, from chloro-acetic ester 
and phenyl-hydrazin, whereas chloro-acetic acid, and its amides, 
yield unsym. Phenyl-hydrazido-acetic acid C3H5N(NH2)CH2COOH, 
m.p. 167°, or its derivatives (B. 36 , 3877 ; cp. also the behaviour of 
chloracetyl ureas and urethanes with phenyl-hydrazin (C. 1899, II. 421). 

The ester of the unsym. acid is formed by reduction of nitroso- 
phenyl-glycin ester C3H5N(N0)CH2C02C2H5 (B. 28 , 1223) ; amide, 
m.p. 150®; anilide, m.p. 149®. Unsym. Phenyl-hydrazide C3H5N(NH.J 
CH2CON(NH2)CgH5. m.p. 155® (A. 301 , 55) ; sym. Phenyl-hydrazide 
C,H,N(NH,)CH2.CONHNHCeH5, m.p. 178® (B. 29 , 622). 

Unsym. Phenyl-hydrazido-j 3 -propionic ester CeH5N(NH2).CH2.CH2. 
COjCjH*. b.p. 175®, from nitroso-j 3 -anilido-propionic ester (B. 29 , 

515)* 

Unsym. Phenyl-hydrazido-j 3 -butyric acid C^H^N (NHg) .CH (CH3) 
CH.COOH, m.p. Ill®, from S-chloro-butync acid with phenyl-hydra- 
zin (/. pr. Ch, 2, 45 , 87). 

Hetero-rlng Formation of Phenyl-hydrazido-acids. — (i) With form- 
amide, unsym. phenyl-hydrazido-acetic ester condenses to phenyl- 
keto-hydro-/ 3 -triazin. 

(2) Similarly, unsym. anilido-acetic-a-phenyl-hydrazide 
(NHjjCO.CHjNHCeHj, with cryst. formic acid, gives n-dtphenyl-keio- 
ietrahydro-a-triazin. 

(3) The i-phenyl-semicarbazide-i-acetic ester C2H5NH(CH2COOR) 
NHCONH2, obtained from unsym. phenyl-hydrazido-acetic ester with 
potassium cyanate, on saponification, yields n-phenyl-diketo-hexahydro- 
a-tfiaxin. 

The phenyl-hydrazido-carboxylic acids 4, 5, and 6 (below), corre- 
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spending to the jS-oxy-acids, so easily develop anhydrides (pyrazoli- 
dones and lactames) that they frequently escape isolation. 

CjHjN.NH, HCONH, CeHjN N=::.CH n-Phenyl-keto-tetra- 

*• CH,COOC,H, CH,— CO NH hydro-a-triazin 

C.H.N.NH, HCOOH C,H,.N N=CH n-Diphenyl-keto- 

CO.CH,.NHC,H, CO-CH,-]SC,H. 

CeHjNH-NH-CO NH— CO n-Phenyl-diketo- 

CHg.COjRI^Ha CH, — CO — hexahydro-a-triazin 

4. Cell^NHNH.-l-ClCHaCHaCOaH >CO i'P^e"y|- 3 -pyr- 

CH, — CH,/ azolidone 

5. CeH,NH NH,+CH3CH • CHCO,H^^*”*N— NH ^^H.CHa 


C,H,N NH, 

CH3CH— CH,— CO,H 


CH,/^ * 5-pyrazoJidonc 

C.HjN NH,\ i-Phenyl-5-methyl- 

CH3CH — CH 3-pyrazolidone. 


Phenyl-hydrazin Derivatives of the Mono-ketonic Acids. — 
The a-, j 3 -, and y-ketone carboxylic esters react with phenyl-hydrazin, 
forming phenyl-hydrazones, j ust as the ketones do. The phenyl-hydra- 
zones of a- and y-ketone carboxylic acids are known. Zinc chloride 
or concentrated sulphuric acid rearranges the phenyl-hydrazones of the 
a-, jS-, and y-ketone carboxylic acids into indol derivatives (compare 
indol formation of the ketone phenyl-hydrazones). The phenyl-hydra- 
zones of the j 3 - and y-ketone carboxylic esters and of the free y-ketone 
carboxylic esters manifest great tendency to the lactazame formation. 
Laevullnie phenyl-hydrazone (i) yields i-phenyl-ymethyl-pyridazinone 
(q.v.), and under other conditions a-methyl-indoU^’ acetic acid, Aceto- 
acetic ester phenyl-hydrazone CeH5NH.N=C(CH3).CHj.C02C2H5, melt- 
ing at 50°, is formed on adding aceto-acetic ester to phenyl-hydrazin 
(B. 27 , R. 7Q3), and spontaneously forms i-pl:cnyl-ymethyUpyrazolone 
(q.v.) ; whereas with acetyl chloride or excessive hydrochloric acid it 
yields i-phenyl-ymethyl-yethoxy-pyr azole. 


Hetero-ring Formations of the Phenyl-hydrazone 
Ketone Acids. 

1. /nrfi?/ condensation : p. 155. 

CH,C = N_NHC.H, CH3C-NH,^^ „.Methyl..ndol- 

CHj— CH,— COOH COOH.CHj.C ^ * * A-acetic acid 

2. Lactazame : 

C,H,.NH— N ^ C,H,N N i -Phenyl-3- methyl- 

CO,C,H,CH, C.CH, *■ CO.CHj.C.CHj 5-pyrazolone 

C,H,.NH— N ^ C,H,N N l -Phenyl-3-methyl- 

CO,H.CH,.CH,.C.CH, CO.CH,.CH,C.CH, pyridazinone 

3. Pyr azole / 

C,H,.NH— N ^ C,H,N N I-Phenyl-3-methyl- 

C,H,OCO.CH,.C.CH, C,H,OC=CH.C.CH, ethoxy-pyrazole. 

Phenyl-hydrazin Derivatives oe Carbonic Acid. — On saturat- 
ing an aqueous solution of phenj'l-hydrazin with CO, we obtain Phenyl- 
hydrazin-phenyl-carbazinaie CgHjNHNHCOONHgNHCfH,. a white 
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crystalline mass (A. 190 , 123 ; C. 1901, II. 1051). Phenyl-oarbazlnle 
ethyl ester C^HgNHNHCOOCjHg, m.p. 86®, is formed when Cl.COgCjHj 
acts upon an etheric solution of phenyl-hydrazin. Heated to 240® it 
splits off alcohol, and passes into Diphenyl-urazin (A. 268 , 278 ; B. 26 , 
R. 20). Unsym. Phenyl-hydrazido-formic ester CeH5N(NH2)COOC2H5, 
an oil, is formed from its aceto-compound obtained from aceto-phenyl- 
hydrazin, and chloro-formic ester (B. 29 , 829; 32 , 10). On further 
treatment with chloro-formic ester it gives Phenyl-hydrazido-a,j 3 -di- 
carboxylic ester CeH5N(C02C2H5)NH.C02C2H5, m.p. 59®, with COClg ; 
Diphenyl-carbazide-dicarboxylic ester C0[NH.N(CeHB)C02C2H5]2, m.p. 
159°. a- and jS-Cyano-phenyl-hydrazin CeHB(CN)N.NH2, two unstable 
oils, formed together by the action of cyanogen bromide upon phenyl- 
hydrazin (C. 1907, II. 802). On saponification, the a-compound yields 
a-Phenyl-semicarbazide, cariaynimc a-phoiyl-hydrazide NH2.N(CbII5). 
CO.NH2, m.p. 120®. 

jS-Phenyl-semicarbazide, carhaminic ^-phcnyUhydrazide CgHgNHNH 
CONHj, m.p. 172®, from phenyl-hydrazin salts, and potassium 
cyanate (A. 190 , 113), or by heating phenyl-hydrazin with urea or 
urethane. On heating, it passes into phenvl-urazol, and diphenyl- 
urazin, with formation of CO, CO2, NH3, and benzene (B. 21 , 1224). 
W’ith potassium hypochlorite it forms diazo-benzolimide (B. 40 , 3033). 
Phenyl-semicarbazide changes into oxy-biazolone compounds with 
COCI2, CSCI2, and CeHBNCCla (B. 26 , 2870), like sym. accto-phenyl- 
h\drazin. For homologous aryl semicarbazides, see C. 1898, II. 199. 

m-Tolyl-semicarbazlde CHaC^H^NH.NH.CONlIg, m.p. 184®, from 
m-tolyl-hydrazin and uiea. It possesses antipyretic properties (C. 
1905,1. 196 ; II. 1299). 

2 , 4 -Diphenyl-semicarbazide, phenyl-carbaminic a-pkenyl-hydrazide 
C«H5NH.C0.N(C<,H5)NH2, m.p 165°, is best obtained from phen\'l- 
dithio-carbazinic ester QH^NMNHCSSCHg, by combining it with 
phenyl cyanate to C^HBNHCONfC^Hgl.NHCSSCHg, converting the 
latter, with methyl iodide and alkali, into the dimethyl ester C^Hg 
NHCON(CeH5)X : C(SCH3)2 and then breaking up with dilute sul- 
phuric acid. The 2, 4-diphenyl-semicarbazide is heated above its m.p. 
and converted into the isomeric 1 , 4 -Dlphenyl-semicarbazide, phenyl- 
carbanuniL phenyl- hy dr azide CjHgNH.CO.NHNHCjHg, m.p. 176®, 
which is distinguished from its isomers by its reaction with FeClg, and 
the resulting formation of an azo-body (B. 36 , 1362). Triphenyl-semi- 
carbazide (CgHg)2NCO.N(C^H5)NH2, m.p. 128®, formed as an aceto- 
compound, from diphenyl-urea chloride and jS-aceto-phenyl-hydrazin 
(B. 33 , 246). 

Diphenyl^carbazlde, phenyUhydrazin-urca (CjH5NH.NH)2CO, m.p. 
170®, obtained by heating urethane or phenyl carbonate with phen\’l- 
hydrazin (B. 20 , 3372 ; C. 1900, 1 . 290) ; by boiling with alcoholic potash, 
or by the action of copper or mercury salts, it loses two H atoms and is 
transformed into salts of Diphenyl-carbazone C^H^N : NCONHNHC^Hg, 
orange-red needles of m.p. 157® with decomposition (A. 268 , 274). 
With metals this diphenyl-carbazone forms red or blue and partly 
explosive salts of the type C^H^NjCONMeNHC^H,, and it dyes silk or 
wool in a neutral bath. Like the diphenyl-carbazide, it is converted 
by oxidation, with silver and acetate, into diphenyl-carbo-diazone 
gH|N : N)jCO, colourless needles, decomposing on heating, and re- 
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generating the K salt of diphenyl-carbazone on boiling with alcoholic 
potash (C. iqoo, II. iio8 ; 1901, I. 703 ; II. 682). 

Cyclic Urea and Carbamic Acid Derivatives.— is pro- 
duced on heating phenyl-semicarbazide, or phenyl -hydrazin chloro- 
hydrate with urea, or biuret with phenyl-hydrazin. DiphenyUurazin 
results upon heating ethyl-phenyl-carbazinate and phenyl-semicarbazide 
(A. 263 , 582). 

i-PhenyUymethyU^-iriazolone is obtained from acetyl-urethane and 
phenyl-hydrazin (B. 22 , R. 737) : 

C.HjNH.NH, +2NH,C0NH, ► CO\ 

NH — CO/ 

aC,H,NH.NHCOOC,H, ► C,H,N NH— CO 

2C.H,NH.NHC0NH, ► CO — NH— NC,H, 

C,H,NH.NH, 4 -Nh/^°°^‘^* C,H,N— CO\ 

\C 0 CH 3 N=C/ „ 

Phenyl-hydrazin Derivatives of Carbonic Acid. — On passing 
CS 2 through an etheric solution of phenyl-hydrazin we obtain Phenyl- 
dithio-carbazimic phenyl-hydrazin CeHgNH.NH.CSSNHgNHCgHs, m.p. 
96°. From solutions of the salts of phenyl-dithio-carbazimic acid, mineral 
acids precipitate the free acid in fine shiny flakes, easily oxidised to the 
corresponding bisulphide (A. 190 , 114). The mono- and dialkyl esters 
obtained from the acid with alkali and halogen alkyls are partly 
derivable 'from the desmotropic form of phenyl-sulpho-carbazinic acid 
CgHjNHN : C(SH) 2 , corresponding to the formula 

C,H,NHN : C(SCH 3 )SH, C.H.NHN : C(SCH 3 ),. C,H,NHN : 

On introducing two different radicles, the resulting compounds 
CeHjNHN : occur in steteo-isometic forms. Dilute acids break 

up the dialkyl esters of phenyl-dithio-carbazinic acid into phenyl- 
hydrazin and dithio-carbonic ester (see Vol. I. and B. 34 , 1119 ; /. pr, 
Ch. 2, 65 , 473). On treating the potassium salt of phenyl-sulpho- 
carbonic acid with COClj or CS 2 we obtain n-phenyl-thio-biazolone- 
suiphohydrate and also the dithio-sulphohydrate. 

a-Phenyl-sulpho-semicarbazide, thio-carhaminic a-phenyl-hydrazide 
NH2.N(C8H6)CS.NH2, m.p. 153®, from the action of NH4SH upon 
a-cyano-phenyl-hydrazin. 

jS-Phenyl-sulpho-semicarbazidc CeH5NH.NH.CSNH2, m.p. 200°, 
isomeric with phenyl-thio-semicarbazide, is obtained from phenyl- 
hydrazin sulphocyanate at i6o®-i70° ; on heating with HCl it 
passes into sulpho-carbizin and benzo-diazo-thin (B. 27, 861). 

2 , 4 - Diphenyl - sulpho - semicarbazide, phenyl - thio - carbaminic a- 
phenyUhydrazide CgH5NHCSN(CeH5)NH2, m.p. 139°, is obtained from 
phenyl-dithio-carbaminic acid with aniline, as well as the combination 
of phenyl-mustard oil with phenyl-hj^drazin. It is transposed like the 
2, 4-di phenyl-semicarbazide, but much more easily, into 2 , 4-Di- 
phenyl-sulpho-semicarbazide, or phenyl - thio - carbaminic jS - phenyl’ 
hydrazide CeHgNHCSNHNHCjHg, m.p. 176°. Both isomeric com- 
pounds give, with methyl iodide and alkali, the isomeric methyl 
ethers CeHgN : C(SCH3)N(CeH5)NH2 and CeH,N.C(SCH3).NHNHC«H5. 

VOL. II. M 


Phenyl-urazol 

Diphenyl -urazin 

x-Phenyl-3-inethyl- 

5-tnazolone. 
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With benzaldehyde, the 2,4- diphenyl - thio - semicarbazide reacts 
smoothly with formation of a benzylidene derivative, while the 
I, 4-compound does not react in this manner. For other isomeric 
transpositions) see B. 84 , 320. 

Diphenyl-sulpho-earbazide {CeH5NH.NH),CS, m.p. 150®, is formed 
by heating phenyl-hydrazin-phenyl-sulpho-carbazinate to ioo®-iio°. 

Diphenyl - sulpho-oarbazone CeH^N = N.CSNH.NHCeHj, bluish- 
black crystals formed by short boiling of diphenyl-sulpho-carbazide 
with moderately concentrated alcoholic potash. 

Diphenyl-sulpho-carbo-dlazone (C^RgN =N)j|CS, from diphenyl- 
sulpho-carbazone by oxidation vrith manganese peroxide hydrate, 
forms small red needles (A. 212 , 316) 

Hetero-ring Formation of Phenyl-hydrazin Di-thio- 
CARI30NIC Acid Derivatives. 

n- Phenyl-thio-biazolon- 
sulphohydrate 

n-Phenyl-dithio-biazolin- 
sulphohydrate 

Phenyl-sulpho-carbizin 
Benzo-diazo-thin. 


Phexyl-hydrazin Derivatives of Guanidin. — Anilino-guanidin 
NH : C(NHij).NHNHCeHs, and Amido-phenyl-guanldln NH ; C(NH,). 
N(C,Hj)NH 2, are produced together from cyanamide and phenyl- 
hydrazin (B. 29 , R. 1109 ; cp. J. pr. Ch. 2, 61 , 440; C. 1901, II. 591) ; 
under different conditions a phenyl-hydrazin derivative of biguamde 
is formed, the unstable Anilo-blguanide C,HjNH.NH.C ; (NH).NH.C : 
(NH)NH2. On heating with cj'anamide the anilo-biguanide (I.) passes 
into n-phen\l-guanazol (IL), which is also formed from diazano- 
diamide (III.) with phenyl-hydrazin (B. 24 , R. 649) : 

I. C,H,NH NH C . NH II. C.HjN NH.C : NH III. C,H,NH.NH,-)-CN 

NH IIN:C NH *■ NH 

ISH NH V 

Dianllino-guanidin NH : C(NH.NHC,Hj)„ bromo-hydrate, m.p. 
180°, is formed as a by-product in the action of BrCN upon phenyl- 
hydrazin. 

Phenyl - hydrazin Derivatives of Dicarboxylic Acids. — 
Corresponding to oxanilic acid and oxanilide we have Oxal-phenyl- 
hydrazilic acid C,HsNH.NH.C0.C02H, m.p. 110° (A. 286 , 197), and 
Oxal-phenyl-hydrazide (C,H,NH.NH.CO),, m.p. 278°. 

From malonic acid we have the following phenyl-hydrazin deriva- 
tives : — Malonic ester phenyl-bydrazide, malono-phenyl-kydrazilic ester 
CjHj.NH NH.CO.CHj.COOCjHj, m.p. 90®, from malonic ester chloride 
with phenyl-hydrazin. The compound easily dissolves in KHO, and, 
from the solution, HCl precipitates Malonyl-phenyl-hydrazide, or 
i-phenyl^i, 5-pyrazoUdone. Malonyl - diphenyl - hydrazide (C,HjNH. 
NH.CO)2 CHj, m.p. 187°, from malonic acid amide and phenyl-hydrazin 
at 200"^ (B. 25 , 1550). 

Compounds of ethylene-succinic acid are known corresponding to 


coci, C.HjN — 

C,H.NH NH.CSSK .[ . „ 

I cs. C,H.N— N\ps„ 

> gy 


C.HjNH.NH.CSNH, 


-NH, 


■ C.h/ 


NH— N 
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those of malonic acid Sneelnle phenyl-hydrazille ester, m.p. 107° ; 
Saoolnyl-phenyl-hydrazln (see below), from phenyl-hydrazin' chloro- 
hydrate and succinyl chloride (B. 26 , 2181) ; Succinyl-diphenyl- 
hydrazide, m.p. 209° (B. 21 , 2462), and also Anllo-sacclmlde, 
{CH,CO)jNNHC,Hj. 

Phenyl-hydrazin Derivatives of Olehn- and Oxy-dicar- 
BoxYLic Acids. — Maleinic anhydride yields, with phenyl-hydrazin, 
Haleino-phenyl-hydrazil. On boiling maleinic or fumaric acid in 
water with excess of phenyl-hydrazin, it adds itself as it does to 
acrylic or crotonic acid, and lactazame is formed subsequently (B. 
26 , 1 17). l-Phenyl- 5 -pyrazoUdone- 8 -earboxyllc aeid is formed. 


Hetero-ring Formation of Phenyl-hydrazin Derivatives 
OF Dicarboxylic Acids. 


/CONH.NHC,H, 

CH,— COCl HC1.NH^H.C.H, 

CHo— COC l 

CH,~CONH.NHCeH, 

CH,— COOH 

CH— COOH XH.NHC,H. 

CH— COOH 


rrr /CO— NH 
^•\C0— NC.H, 
CH,— CO— NH 
CH,— CO— IsX.H, 


Malonyl-phenyl -hydrazin, 
I -Phenyl-3 , 5-pyrazolidone 

Succinyl-phenyl-hydrazin 


CHi— C 0 ^N.NHC,H, AnU-succinimide 


CH,— CO/ 


CO,H.CHNH\ jT i-Phenyl-5-pyTazolidone- 
CHjCO/ ^ * * 3-carboxylic acid. 


16 . HydrazidinsorAmidrazones* Nitrazones. Phenyl-hydraao-aldoximes. 
Phenyl-azo-aldoximes (Nltrosazones). Formazyl Compounds. 


In connection with the phenyl-hydrazin derivatives of the carboxylic 
acids, some classes of compounds must be dealt with which are com- 
posed according to the amidine type. The hydrazidins are amidins 
in which the imido-group is replaced by the phenyl-hydrazone group. 
In the nitrazones there is also a replacement of the amido-group by 
the nitro-group, and, in the formazyl compounds, by the azo-phenyl 
group : 


CH,C 


/NH, 

\^NH 


Acetamidin 


® ^N.NHC,H, 
Ethenyl -phenyl- 
hydrazidin 


*''\nnhc,h, 

Nitro-acetaldehy- 

drazone 


N— NHC,Hj 


Formazyl 

hydride. 


To these must be added the phenyl-azo-aldoximes, the stable trans- 
position products of the very unstable nitroso-phenyl-hydrazones : 


CHoC 


/NO 


NNHC.H, 
Nitroso-aceto-phenyl-hydrazone 


CH,C 

* \N:NC,H, 
Phenyl-azo-acetaldoxime. 


Hydrazidins or Amidrazones. — Ethenyl - phenyl - hydrazidine 
The chlorohydrate of this base is formed by the 
action of phenyl-hydrazin upon hydrochloric acetimido-ether (B. 17 , 
2002). Cyan-amidrazone or dlcyano-phenyl-hydrazin nc— 


m.p. 160°, with decomposition, and diamidrazone or cyano-phenyl- 
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hydrazin ni.p. 225°, are formed by the action of 

cyanogen upon phenyl-hydrazin. Dicyano-phenyl-hydrazin is also 
formed by reduction of the prussic acid addition product of diazo-benzol 
cyanide, to which, therefore, probably the following formula must be 

ascribed : C.H3N : (B. 28 , 2082 ; A. 287 , 300). The constitution 

of cyan-amidrazone follows from its formation by the action of phenyl- 
hydrazin upon Flaveanio hydride constitution of 

diamidrazone from its formation by the action of phenyl-hydrazin 
upon Rubeanic hydride (see Vol. I.) and upon Oxalo- 

\WXi2 

diamido-oxime ^ 3 ® 5 )- Diamidrazone is also 

formed by the reduction splitting of diformazyl. 

Acetyl-amidrazone, pyro - racemic acid phenyl - hydrazidine 

melting at 182", is produced by reducing formazyl 

methyl-ketone with ammonium sulphide (B. 26 , 2783). 

Hetero-ring Formations with the Amidrazones. — ^The ami- 
dr azones condense with carboxylic acids, their anhydrides or chlorides, 
to heterocyclic derivatives of the triazol group (q.v.). Nitrous acid 
converts the amidrazones into tetrazol derivatives (q.v.), Cyan-ami- 
drazone is changed by acetic anhydride to n-phenyl-3-cyano-5-methyl- 
triazol ; by nitrous acid to n-phenyl-3-cyaii-tetrazol : 

C.H3NH.N <'H,cooh QH^N— n-Phenyl-3-cyan- 

NH, ■ ' ^ CHjC^N/^' 5-niethyl-tria20l 

N.o, ^ CeH,N-~N V pT,, n-Phenyl-3-cyan- 
KH,/ ^ tetrazol. 

Nitro-hydrazones or Nitrazones are the nitro - compounds 
corresponding to the amidrazones ; they are formed from the alkali 
salts of primary nitro-parafTins (Vol. I.) with diazonium salts, and 
were formerly regarded as nitro-azo-paraffins ; but the free compounds 
must probably be regarded as nitrogenated hydrazones, while their 
metallic salts are derivable from the tautomeric form of Phenyl-azo- 

nitro-acid • They are easily split up by alkalies into 

sN : isCeHj 

nitrites, and ^-Acldyl-phenyl-hydrazides (B. 31 , 2626) : 

CH3C(N02) : NNHC,Hs+KOH = CH,CONHNHCeHj+NO,K. 

Certain poly-halogenated diazo-compounds also unite with primary 
nitro-parafiins in the molecular ratio 2 : i, mixed azo-compounds 
being obtained (B. 36 , 3833). 

Nitro-formaldehydrazone CH(NO,) : N.NHCaHj, occurs in two 
forms : a-form, m.p. 75° ; /S-form, m.p. 85° (B. 34 , 2002). With 
diazo-methane it yields an unstable 0 -methyl ether HC(: NOOCH3)N : 
NCjH,, m.p. 54°, but with methyl iodide, and sodium methylate, it 
gives an N-methyl derivative HC(NO,) : NN(CH3)CeHj, m.p. 92°, 
which, on reduction, yields Phenyl-methyl-formhydrazin CH^NH,) : 
NN(CH,)C,H3, m.p. 101°, and then methyl-amine and unsym. phenyl- 
liethyl-hydrazin (B. 34 , 574). 
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Nitro-acetaldehydrazone CH8C(N02) : NNHQHg, yellow flakes, m.p. 
T42®, gives, with diazo-methane, 0 -methyl ether CH3C(: NOOCH3). 
N : NCeHfi, m.p. 68". 

Phenyl - hydrazo - aldoximes and Phenyl - azo - aldoximi s 
(Nitrosazones). — Formation : — (i) On reducing nitrazones with AmgS 
we obtain phenyl-hydrazo-aldoximes, which are easily oxidised, by 
ferric chloride, to phenyl-azo-aldoximes : 

RC(NO,) : NNHCeHg ^ > RC( : NOHINHNHC.H^ RC( : NOH)N : NC.Hj 


(2) The 0 -methyl ethers of the nitrazones, boiled in water, easily decom- 
pose into formaldehyde and phenyl-azo-aldoximcs : 


RC 


NOOCH3 
\N . NC.Hg 


pp/NOH 

\N:NCeH3 


+CH, 0 . 


(3) Aldehyde-phenyl-hydrazones, treated wnth amyl nitrite and 
sodium alcoholate, or pyridin, probably first give the very unstable 
nitroso-hydrazones (nitrosazones), which easily transpose into azo- 
aldoximes (B. 35 , 54, 108 ; 36 , 53, 86, 347) : 


RCH : NNHC.Hg ► RC(NO) : NNHC.H^ RC( : NOH)N : NC,H,. 


The aryl hydrazoiics of glyoxylic acid, treated with HNO2, split 
off CO2 and pass into phenyl-azo-aldoximes (C. 1905, I. 153S). 

Phenyl - hydrazo - formaldoxime HC(: XOH)NH.NHCeH5, white 
needles, m.p. 113°, from nitro-formaldehydrazone, with alcoholK 
Am2S, gives, by oxidation with ferric chloride, Phenyl-azo-formal- 
doxime, golden-yellow needles, m.p. 94° with decomposition. 

Phenyl-hydrazo-acetaldoxime CH3C(: NOH)NHXHC6H5, m.p. 128", 
from nitro-acetaldehydrazone, gives by oxidation Phenyl-azo- 
acetaldoxime CH3C(: NOH)N : NC3H5, m.p. 118". This is obtained 
from the 0-methyl ether of nitro-acetaldehydrazone on boiling with 
water, also from acetaldehyde-phenyl-hydrazone, or benzol-azo-ethane 
with amyl nitrite and sodium ethylate, or p>Tidin, and also from 
acetaldehyde-ammonia with nitroso-phenyl-hydrazin (B. 35 , 1009). 
Its Ag salt, with methyl iodide, gives the 0-methyl ether CH3C 
(: N0CH3)N : NCgHg, an oil of b.p.12 I34° ; whereas the Na salt 
gives, with methyl iodide, an N-methyl ether, m.p. 96°. This latter, 
under the influence of sodium alcoholate, easily undergoes cyclic 
condensations into Phenyl-methyl-triazol : — 


^-“NCHg 

: NC^Hj 


CHr^y 


— H,0 


CH3C 


/N=CH 
\N— XCoH/ 


HCl converts the phenyl-azo-aldoximes, with primary addition, 
and wandering of the chlorine atom into the benzene nucleus, into 

Chloro-phenyl-hydrazo-aldoximes : 

HCl 

RC(; NOH)N : NC^Hj - -► RC(; NOHlNH.NCl.C^Hj— RC(: NOHlNH.NHCeH^Cl. 


Formazyl Compounds are strongly coloured, usually red, easily 
crystallised substances. Their sulpho-acids are dyes (B. 33 , 747). 
They are obtained (i) from phenyl-hydrazones and normal diazo-benzol, 
usually in alkaline solution; (2) from phenyl-hydrazin and phenyl- 
hydrazides ; the hydrazone-hydrazide produced at first oxidises, under 
the influence of phenyl-hydrazin, with the loss of two hydrogen atoms ; 
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(3) from the phenyl-hydrazone chlorides, corresponding to the imide 
cMorides, by action of phenyl-hydrazin (B. 27 , 320 ; 29 , 1386). 

Formaiyl hydride m.p. 116“ (I. 233), has been 

obtained from formazyl-carboxylic acid by fusion, or by the action 
of diazo-benzol acetate upon malonic acid, or by the action of methyl- 
alcoholic potash on acetyl formazyl hydride, obtained by the acetylation 
of formazvl carboxylic acid. (J. pr. Ch. [2], 65 , 131). 

• Methyi-formazyi CH,C(N,C,H,) : NNHC,Hj, m.p. 121*, see /. pr. 
Ch. 2, 64 , 213 ; B. 36 , 87. 

Formazyl-methyl ketone CH3C0.C.^N:NC.H.^ m.p. 134“. results 

\ JN . W 

from the action of diazo-benzol upon acetone, aceto-acetic ester, pyro- 
racemic aldehyde hydrazone, and benzol-azo-acetyl acetone (B. 
25 , 3211). 

Formazyl-earboxylic acid nh^"h ' 

composition, is made by saponifying the ethyl-formazyl-carboxylic ester, 
m.p. 117°. The latter is produced when diazo-benzol chloride acts 
upon aceto-acetic ester, oxalo-acetic ester (B. 25 , 3456), or upon phenyl- 

hydrazone-mesoxalic-ester acid. Diformazyl » 

C.HjNH.N \N.NHCeHj 

greenish-brown, brilliant flakes, m.p. 226°. It results from the action 
of diazo-benzol chloride upon laevulinic acid, hydro-chelidonic acid, or 
acetone-diacetic acid, and from dioxy-tartrosazone. 

Formszyl-acryllc aeid , m.p. 129“ with 

decomposition, formed by the action of diazo-benzol acetate upon 
glutaconic acid (B. 40 , 4927). 

Fonnazyl-azo-benzol, Phenyl-azo-formazyl (CeH5N=N)2C=N. 
NHQHg, m.p. 162®, from formazyl-carboxylic acid, glyoxalic phenyl 
hydrazone or acetaldehyde, with diazo-benzol in alkaline solution 
(/. pr. Ciu 2, 64 , 199). In the action of diazo-benzol alkali upon pyro- 
racemic acid, the first product is Formazyl-glyoxalic acid, m.p. 166®, 
which, on further action, is decomposed into oxalic acid and phenyl- 
azo-formazyl (/. pr. Ch. 2, 64 , 204). 

Nitro-formazyl NO,.C(N,C^H5) : NNHC^H^, m.p. 153°, from sodium 
nitro-methane, with diazo-benzol nitrate, is both a formazyl and a 
nitrazonc compound (B. 27 , 156 ; cp. B. 83 , 2043). 

Hetero-ling Formations in Formazyl Compounds. — Under the in- 
fluence of strong mineral acids the formazyl compounds split off 
aniline and give pheno-triazin derivatives : formazyl-carboxylic ester 
gives a-pheno-triazin. On oxidation, the formazyl compounds give 
tetrazolium compounds ; thus, from formazyl hydride n-Diphenyl- 
tetrazolium hydroxide is obtained : 

a- Pheno-triazin 

n-Diphenyl-tetrazolium- 
hydroxide. 

Phenyl - nitroso - hydrazin or C,H,NHNHNO, yellowish- 

brown crystalline flakes easily passing into diazo-benzol-imide (A. 190 , 


C,H,N=N^ 


C,H,N=rN\cH 


C.CO,C,H, 


ch/n=n 

C,H,N(OH) : N\p„ 
C.H,N 
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89). Obtained from phenyl-hydrazin and HNOj; an excess of acid 
oxidises phenyl-hydrazin to diazo-benzol nitrate (C. 1897, 1 . 381. ; B. 33 , 
1718), Heating in indifferent solvents decomposes the phenyl-nitroso- 
hydrazin with nitrous oxide and aniline (B. 41 , 2809). By reduction 
it is split up with recovery of phenyl-hydrazin. A similar behaviour 
is shown by the nitroso-derivatives of alkylated phenyl-hydrazins. 

Nitroso - a, - diethyl - phenyl - hydrazin C^H^N (C2H5)N (C2H5)NO 
yields ethyl-aniline and ethyl-hydrazin (B. 36 , 202). But in the re- 
duction of Nitroso-formyl-phenyl-hydrazin C2H5N(NO)NHCHO, m.p. 
85®, and Nitroso-acetyl-phenyl-hydrazin CjH5N(NO)NHCOCH8, m.p. 
63® with decomposition, with Na amalgam and alcohol, derivatives 
of an hypothetical phenyl-triazane C8H5N(NH2)2 are obtained, and 
these have been isolated in the form of their benzylidene compounds. 

Benzylidene-formyl-phenyl-triazane C8H5N(N : CHC8H5)NHCHO, 
m.p. 183®, and Benzylidene-acetyl-phenyl-triazane C8H5N(N : CHC^Hg) 
NHCOCH3, m.p. 163® (B. 35 , 1900). Nitroso-phenyl-semicarbazide 
C2H5N(N0)NHC0NH2, m.p. 127® with decomposition, from phenyl- 
semicarbazide with NOgNa and acetic acid, decomposes gradually even 
at ordinary temperatures, and more rapidly on heating, with formation 
of phenyl-azo-carbamide ; boiling with potassium hydroxide yields 
diazo-benzol-imide (B. 28 , 1925). 

Tetrazones, or tetrazenes, derived from the hypothetical nitro- 
gen hydride NH2 — ^N=N — ^NHj, are formed from the unsym. alkyl- 
phenyl- or diphenyl-hydrazins by oxidation with HgO in alcoholic or 
etheric solution, or with dilute ferric chloride solution : 

2C2H,N(CH3).NH2+20=C2H8.N(CH3).N : N.N(CH3).CeH3+2H20. 

They are solid bodies, decomposed on melting or boiling with dilute 
acids. Dimethyl-diphenyl-tetrazone C3H5.N (CH3)N2.N (CH3)CeH3, m.p. 
133®. Diethyl-diphenyl-tetrazone, m.p. 108° (A. 252 , 281). Tetra- 
phenyl-tetrazone (C3H5)2N.N2.N(C3H3)2, m.p. 123®, from as-Diphenyl- 
hydrazin. p - Tetratolyl - tetrazone (CH3C3H4) 2N.N2.N (C3H4CH3) 2, 
fiery-yellow needles, m.p. 134® with decomposition, from unsym. 
p-ditolyl-hydrazin with Mn04K in acetone solution. On heating in 
indifferent solvents the quaternary tetrazones decompose into nitrogen 
and tetra-aryl- hydrazin. In concentrated acids they dissolve with 
liberation of N, forming intensely blue solutions, the transformation 
products being the same as those obtained with the corresponding tetra- 
aryl-hydrazins (B. 41 , 3502). 

Hydro-tetrazones, ieirazanes, derived from the hypothetical nitro- 
gen hydride NH2.NH.NH.NH2, have been obtained by the oxida- 
tion of aldehyde-phenyl-hydrazones with HgO or amyl nitrite (B. 26 , 
R. 55 ; 27 , 2920). Thus, from benzal-phenyl-hydrazone the compound 

T"T T T 

C*H* CH • N ®®®**^" 41 phenyl-dihydro-tetrazone is obtained, m.p. 

190^ Under the influence of other oxidisers, f.g. aerial oxj’gen in 
alkaline solution, the aldehydrazones are oxidised to osazones of di- 
ketones. Thus, benzal-hydrazone is oxidised to benzile-osazone (A. 
305 , 165). Concerning a third type of oxidation, producing the so- 

called dehydro-henzaUphenyl-hydrazone m.p. 207®, see 

C. 1897, II* ®99 > 528, etc. 
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18. Buzylene or Diazo-hydrazo-compounds.— In Hippuryl-phenyl- 
buzylene CeH^N^N— NH— NHCO.CH^NHCOCeHj, m.p. 84^ we have 
a hippuric acid derivative of the unknown nitrogen hydride “ buzylene ” 
NH=N— NH — NHj (B. 26 , 1268). It is formed from hippuryl-hydra- 
zin and diazo-benzol sulphate. From the same buzylene the Diazo- 
benzol-phenyl-hydrazide CeHgN : N.N{CjH5).NH2, m.p. 71° with decom- 
position, is derived. It has been prepared (i) from diazo-benzol and 
phenyl-hydrazin ; (2) from phenyl-hydrazin by oxidation with iodine 
solution (/. pr. Ch. 2, 66, 336). By the first method a number of 
nucleus-substituted derivatives have also been prepared. As the 
unsym. hydrazins are converted into tetrazones, so these diazo-phenyl- 
hydrazides are converted, by oxidation with Mn04K, into bodies con- 
taining a chain of eight N atoms. 

1 9. Octazones. — Bis-diazo-benzol - diphenyl - tetrazone, tetraphenyl- 
octazone C.H^N : N.N(CeH5)N : N.N(CeH5)N : NCgH^, m.p. 51° ; 
bromo-diazo-benzol-diphenyl-tetrazone, m.p. 60°. These substances 
decompose, and explode very easily (B. 33 , 2741). 


4 . Aromatic Compoonds of Phosphorus, Arsenic, Antimony, 
Bismuth, Boron, Silicon, and Tin. 

The phenyl derivatives of phosphorus, arsenic, antimony, bismuth, 
boron, silicon, and tin are correlated to the aromatic nitrogen com- 
pounds. Their chlorides are most suitable for the preparation of these 
bodies, (i) They react with benzene at a red heat, hydrochloric acid 
being eliminated ; (2) with benzene and aluminium chloride ; (3) 
with mercurj’-diphenyl ; (4) with phen3d-magnesium bromide (B. 37 , 
4620) ; (5) with sodium and benzene chloride, or benzene bromide. 
This class of derivatives is produced also (6) from alloys of the elements 
with alkali metals and benzene haloids. 

Special importance is attached, on account of their destructive 
action upon tr^’^panosomes, to a series of aromatic compounds of arsenic 
which, being relatively but slightly poisonous, were found useful as 
medicines in protozoic diseases. It was found that compounds con- 
taining trivalent arsenic were much more effective than those con- 
taining quinquivalent arsenic (like those of cacodylic acid, Vol. I.). 
The monosodium salt of p-amido-phenyl-arsinic acid, known as “atoxyl,"' 
is used therapeutically for fighting “ sleeping sickness ** and the 
diamido-dioxy-arseno-benzol, in the form of its dihydrochloride 
** salvarsan " (P. Ehrlich-Hata 606) for fighting syphilis. 

Phenyl-phosphorus Compounds. — Michaelis in 1876 succeeded, 
by the preparation of phosphenyl chloride, the substance for obtaining 
phosphenyl derivatives, in overcoming the experimental difficulties 
which opposed the union of the phenyl residue with phosphorus (A. 181 , 
265 ; 293 , 193, 325 ; 294 , i). Some phosphenyl compounds in com- 
position correspond to known aromatic nitrogen-containing substances ; 
the names of the respective phosphenyl bodies recall these : 

Aniline, C^HjNHj CeH^PHj, Phenyl-phosphine 

Nitro-benzol, C^H^NO^ C^H^POg, Phosphino-benzol 

Azo-benzol, C^H^N : NC^Hi C^H^P : PC^H^, Phospho-benzol. 
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Phenyl-phosphine C^Hj.PHj, phosphaniline, boiling at 160®, is ob- 
tained by the action of hydriodic acid and then alcohol upon pl^osphenj 1 
chloride CgHg.PClg. It is a liquid possessing an extremely disagreeable 
odour. When exposed to the air, it oxidises to phosphenyl oxid(' 
CgHg.PHgO, a crystalline mass easily soluble in water. Phenyl- 
phosphine combines with HI to the iodide C^Hg.PHgl, out of which 
water again separates phenyl-phosphine. 

Phosphenyl chloride CeHj.PClg, boiling at 225®, with sp. gr. i-3Iq 
( 29°), is a strongly refracting liquid which fumes in the air. It is formed 
(r) by conducting a mixture of benzene and PCI3 vapours through tubes 
licated to redness (A. 181 , 280) ; (2) by heating mercury -diphenyl with 
PCI3 ; and (3) by the action of AICI3 upon benzene and PCI3. Aided by 
this last reaction, the chloro-phosphine residue has also been introduced 
into dimethyl^aniline (B. 21 , 1497), and into phenoUalhyl ether (B. 27,2559). 
It forms the tetrachloride C3H5.PCI4 with chlorine ; this melts at 73®. 
With oxygen it yields the oxycUoride CgHg.PClgO, boiling at 250®, and 
with sulphur phosphenyl sulpho^chloride^ boiling at 205® (130 mm.). 
When the dichloride is heated with water, we obtain phenyl-hypophos- 
phorous acid C3H5.PHO.OH, melting at 70®, while the tetrachloride 
forms phenyl-phosphinic acid C0H5.PO.(OH)2, which melts at 150®. 

p-Tolyl-phosphoro-chloride CH3[4]C3H4PCl2, forms a tetrachloride, 
which forms with aniline tolyl-trianilido-phosphonium chloride CH3[4] 
C3H4P(NHCeH5)3Cl, melting at 245®. Sodium hydroxide converts the 
latter into the hydroxide CH3C5H4P(NHC5H5)30H, melting at 240® 
(B. 28 , 2214). 

Phosphino-benzene CgHgPOa, melting at 100®, is obtained from 
phosphenyl oxychloride and phenyl-hypophosphorous acid (B. 25 , 1747). 

Phosphenyl chloride converts plienxl-phosphine into phospho- 
benzol C3H5.P : P.C3H5, melting at 150® (B. 10 , 812). 

Diphenyl-phosphine chloride (C5H5)2PC1, boiling at 320®, is ob- 
tained from phosphenyl chloride alone at 280®, or with mercury-di- 
phcnyl at 220° (B. 21 , 1505). \A'ith phenol it yields phenoxyl-diphenyl- 
phosphine (C5H5)2POC3H5, boiling at 265®-270® (62 mm.) (B. 18 , 2118) ; 
and with dilute sodium hydroxide : diphenyl-phosphine (CgHjlgPH, 
boiling at 280°, and diphenyl-phosphinic acid (C5H5)2PO.OH, melting 
at iQO® (B. 15 , 801). 

Triphenyl-phosphine (C5H5)3P, melting at 75® and boiling about 
360®, is produced from C^Hg.PClg, and bromo-benzol, or from 
PCI3 and bromo-benzol by the action of sodium (B. 18 , R. 562). It 
combines with halogen alkyls to quaternary' phosphonium salts ; 
with a-halogen ketones, such as chloracetone CH3COCH0CI, compounds 
are formed, which easily pass into so-called phospho-keto-betains 

(B. 32 , 1566). It forms, with bromine, the di- 
bromide (CeHj’jaPBra, which is converted by water or alkalies into 
the dihydroxide (('6^6)3B(OH)2. At 100® this passes into the oxide 
e^^6)3BO. The latter melts at 143® and boils above 360®. It is also 
obtained from C^HgMgBr and POCI3 (C. 1904, II. 1638). Triphenyl- 
phosphine oxide (C5H5)3P0, is isomeric with phenoxyl-diphcnyl-phosphine 
(C5ll5)2POC5H5. Both compounds, in vapour density determina- 
tions made with reduced pressure, yield values according with the 
simple molecular formulas. Phosphorus, therefore, in the first body 
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is quinquivalent, and in the second it is trivalent (Michaelis and 
La Coste, B. 18 , 2118). 

Phenyl-arsenic Compounds. — Reactions, similar to those used 
in obtaining the phenyl substitution products of phosphorus chloride, 
have been used with arsenic, and the following bodies have been ob- 
tained Phenyl-arsenious chloride C0H0ASCI2 ; Dlphenyl-arsenious 
chloride (CeH^) gAsCl ; Triphenyl - arsin (C2H5)3As ; Phenyl - arsinie 
acid CeH5AsO(OH)2 ; Diphenyl-arsinic acid (CeH5)2AsOOH. 

Arseno-benzol C^H^As : AsC^H, (A. 201 , 191 ; 207 , 195 ; 270 , 139 : 
321 , 141 ; B. 19 , 1031 ; 25 , 1521 ; 27 , 263). p-Amido-phenyl-arsinic 
acid, arsanilic acid NH2C3H4AsO(OH)2, brilliant white needles, m.p. 
above 200"", is formed besides P2-diamido-diphenyl-arsinio acid 
(NH2C2H4)2AsOOH, m.p. 232°, by heating aniline arsenate to 190®- 
200® (B. 41 , 2367). By reduction with HI and SO2 the amido-phenyl- 
arsinic acid passes into p-amido-phenyl-arsinic oxide NH2C2H4ASO. 
2H2O, whereas with tin, and HCl, it passes into the yellow pg-diamido- 
arseno-benzol NH2C4H4AS : ASC4H4NH2, m.p. 140® (C. 1909, 1 . 963). 

From arsanilic acid, through the diazo-compound, p-oxyphenyl- 
arsinic acid HOC4H4As(OH)2, m.p. 174® is formed. This can also be 
obtained direct by heating phenol with arsenic acid (C. 1909, I, 807). 
On nitrifying and reducing this to m-amido-p-oxy-phenyl-arsinic acid 
HO(NH2)C4H3AsO(OH 2), the m, m-diamido-p, p-dioxy-arseno-benzol 
HO^NHjjC^HjAs : AsC 4H3(NH2)OH is obtained, the dichlorohydrate 
of which is the before-mentioned salvarsan. For homologous amido- 
phenyl-arsinic acids and their transformation products, see B. 41 , 3859. 

Triphenyl-stibin (C4H3)3Sb, m.p. 48®, is produced on introducing 
sodium into a solution of chloro-benzol and of antimonious chloride in 
benzene (A. 233, 43). Also from QHgMgBr and SbClj (B. 37 , 4621). 
On heating with antimonious chloride in xylol, it yields phenyl-stibinous 
chloride, m.p. 58®, b.p. 290®, starting from which, the oxide, sulphide, 
tetrachloride, and phenyl-stibinic acid have been prepared (B. 31, 
2910). Triphenyl-stibin sulphide (C4H5)3SbS, m.p. 120®, from triphenyl- 
stibin bromide with AmjS (B. 41, 2762). 

Bismuth-triphenyl (C4H5)3Bi, m.p. 78®, is prepared by heating 
bromo-benzol and bismuth sodium (A. 251 , 324). Diphenyl-bismuth 
iodide (C4H4)2BI, m.p. 133® (B. 30, 2843). 

Phenyl-boron Compounds. — Phenyl-boron chloride CjHgBClg, m.p. 
o®, and b.p. 175®, and diphenyl-boron chloride (C4H5)2BC1, b.p. 271®, 
result from the interaction of mercury-diphenyl and boron chloride. 
Phenyl-boron bromide C^H^BBr, m.p. 330®, b.p.20 100®. Diphenyl- 
boron bromide m.p. 25® (B. 27, 244 ; A. 315, 29). 

Phenyl-silicon Compounds. — Phenyl-silico-chloride C4H3.SiCl3 
is prepared by heating mercury-diphenyl and SiCl4 to 300®. It boils 
at 197® (Ladenburg, A. 173 , 151). Water decomposes it into silico- 
benzoie acid C4H5.SiO.OH, m.p. 92®. Alcohol forms ortho-silico- 
benzoic acid ester C4H5.Si(O.C2H5)s, b.p. 137®. Zinc ethyl converts 
the chloride into triethyl-phenyl silicide C4H5.Si.(C2H5)3, b.p. 230®. 
Triphenyl-methyl silicide (C4H5)3SiCH8, m.p. 67®, and triphenyl-ethyl 
silicide (C4H5)8SiC2H5, m.p. 76®, are obtained from triphenyl-silico- 
chloride (C4H5)8SiCl with methyl- and ethyl-magnesium iodide respect- 
ively (C. 1908, I. 1266). Mixed alkyl-silicon comfX)unds with four 
different radicles, like phenyl-methyl-ethyl-propyl-silicon CeHjSiCH, 
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a liquid of b.p. 231®, are formed by treating silicon 
chlonde successively with phenyl, methyl, ethyl, and propyl magnesium 
bromides (C. 1907, I. 1192). Concerning optically active silicon com- 
pounds, see C. 1908, 1 . 1688 ; 1909, 1 . 360 ; 1910, 1 . 2083. 

Triphenyl-silicane (CeH5)8SiH, m.p. 203® (B. 40 , 2278). 

Tetraphenyl-silieon Si(CeH,) is produced by the action of sodium 
upon a mixture of SiCl4, chloro-benzol, and ether (B. 19 , 1012). It 
melts at 228® and boils above 300®. On heating with bromine it yields 
triphenyl-silicon bromide (C^HjlgSiBr, m.p. 120®, which on boiling 
with potash solution becomes triphenyl-silicol (C4H4)3SiOH, m.p. 155° 
(C. 1899, IL 57; 1901, 1 . 999 ; B. 40 , 2275). Diphenyl-silicol (CeH5)2 
Si(OH)2, m.p. 139®, on melting, passes into trimolecular diphenyl-silicon 
[(CeH5),SiO]s, m.p. no® (C. 1904, 1 . 1257). 

Phenyl-tin Compounds. — Mercury diphenyl and stannic chloride 
interact to form tin-diphenyl chloride (CeH5)2SnCl2, m.p. 42® (A. 194 , 
145 ; 282 , 328). 

Tin-tetraphenyl Sn(C4H5)4 is produced by the action of tin-sodium 
upon bromo- benzol, m.p. 226® and b.p. above 420® (B. 22, 2917). 
Also by the action of tin tetrachloride upon phenyl-magnesium bromide 

5 . Phenyl Metal Derivatives. 

The phenyl group has been combined with magnesium, mercur}', 
and lead. 

Magnesium-diphenyl (C4H3)2Mg. is a light, yellowish-white powder, 
dissolving readily in a mixture of benzene and ether. It is produced 
on heating mercury-diphenyl with magnesium powder and some acetic 
ester to i8o®-i85® (A. 282, 320). In air it undergoes spontaneous com- 
bustion ; water decomposes it violently with formation of Mg(OH)2 
and benzene. 

Aryl-magnesium Haloids. — Phenyl-magnesium bromide C^H^ 
MgBr, and phenyl-magnesium iodide CeH^Mgl, as well as homo 
logous aryl-magnesium haloids, are formed in a manner analogous to 
the alkyl-magnesium haloids, by the action of magnesium upon the 
etheric solutions of bromine and iodine benzols. They are as suitable 
for synthetic reactions as are the alkyl-magnesium haloids : 

(i) With COj they unite to form salts of aromatic carboxylic acids, 
e.g, C3H5COOH. (2) With COS they form thiol-carboxyhc acids 
CgHgCOSH, besides triphenyl-carbinols (C3H5)3COH. (3) With CSg, 

carbo-thio-acids are formed, e.g. CeH^CSSH. (4) Triphenyl-carbinol 
is formed from C^HjMgBr with phosgene and benzoic ester. (5) With 
mustard oils, thio-anilides are formed, CHsCSKHC^Hj. (6) With iso- 
nitriles, alkylated aldehydimines C4H5CH=NCH3. (7) With diazo- 
benzol-imide C3H5N3, diazo-amido-benzol C3H5N2NHC3H5. (8) The 
action of nitroxyl chloride upon phenyl-magnesium bromide produces 
nitroso-benzol. (9) With S and Se. thio-phenols and seleno-phenols 
are formed, C3H3SH, and C^H^SeH. (10) With iodine, iodo-benzol 
and MgBrI, etc. (C. 1901, L 1357 J I- 568, 1403 ; 1909, IL 1349 * 
B. 85 , 2692 ; 86, 587, 910, 1007, 1588, 2116 ; 87 , 875 ; 89, 3219). 

Mereury-dlpheny] (C3H,)2Hg, m.p. 120®, is formed by treating 
bromo-benzol in benzene solution for some time with liquid sodium 
amalgam (Otto and Dreher, A. 164 , 93) ; the addition of some acetic 
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ether facilitates the reaction. It is also obtained by the action of 
HgCl| or HgCl upx)n phenyl-magnesium bromide (B. 37 , 1127). It 
crystilises in colourless, rhombic prisms, and can be sublimed. It 
assumes a yellow colour in sunlight. It dissolves readily in benzene 
and carbon disulphide, but with more difficulty in ether and alcohol ; 
in water it is insoluble, ^^^len distilled, it decomposes for the most part 
into diphenyl, benzene, and mercury. The action of sodium upon 
mercury-diphenyl in benzene solution, produces sodium amalgam and 
sodium-phenyl CjHgNa, a body capable of many reactions (C. 1903, 
II. 195). Acids decompose it, with formation of benzene and mercurs 
salts. Haloid compounds are produced by the action of the halogens — 
e.g. mercury-phenyl chloride CeHgHgCl,^ m.p. 250° ; mercury-phenyl 
bromide CgHjHgBr, m.p. 275°; mercury-phenyl iodide CeH^Hgl, 
m.p. 265®, Mercury-phenyl hydroxide C^H^HgOH is produced wlu n 
silver oxide and alcohol act upon the chloride (/. pr. Ch. I. 186). 

Mercury-phenyl acetate QHjHg.O.COCHg is also formed direct 
by heating benzene with mercury acetate to II0®-I20°. Similarly, 
the mercury atom is easily introduced in the place of the nuclear H 
atom in other aromatic compounds, such as nitro-benzols, anilines, 
phenols, benzoic acid, etc., so that we may speak, not only of chlorina- 
tion, nitration, and sulphonation, but also of a ** mercuration of 
aromatic substances, as a general reaction In these combinations the 
mercury is rather firmly attached to the nucleus. When the action is 
strong, several H atoms are replaced, and we may obtain compounds 
.like CeH,(HgOCOCH3).„ CcH3(HgO.COCH3)3, and CeH2(HgO.COCH3), 
(B. 85 , 2032. J^53 ; C. I. 734 ; 1900, 1. iccj;). 

Mercury-dialphyls. See A. 173 , 162 ; B. 14 , 2112 ; 17 , 2374 ; 20, 
1719 ; 22, 1220, etc. 

Lead-tetraphenyl {rjH5)4Pb is formed by heating bromo-ben/'ol 
with lead-sodium and acetic ester. It melts at 224° (B. 20 , 3331). 
Also from lead chloride, and phenyl-magnesium bromide (B. 37 , 1126). 

6. Sulphonic Acids. 

The ease with which sulphonic nr ^ulpho-acids are produced dis- 
tinguishes the aromatic hydrocarbons from the aliphatic compounds 
in the same manner as does the easy formation of nitro-compounds. 
The introduction of sulpho-groups, in the place of aromatic H atoms, 
is called sulphonation” 

Formation. — (i) The sulpho-acids of benzene hydrocarbons, and 
other benzene derivatives, are easily produced by mixing or heating 
them with concentrated or fuming sulphuric acid. In this manner it 
is possible to combine three sulpho-groups with one benzene nucleus : 

CeHe-fHO.SOaH = CeH^.SOall-f H, 0 . 

(2) In the action of an excess of chloro-sulphonic acid Cl.SOgOlI 
the principal products, with careful cooling, are the chlorides of the 
sulpho-acids (B. 12 , 1848 ; 28 , 2172). The reaction then proceeds in 
the following way (B. 22 , R. 739) : 

CeHe+ClSOjOH = HCl -fCeH^.SOgOH 

C^H^SO^OH+ClSOgOH = H^SO^+C^H^SO^Cl 

Sulpbones are secondary products (p. 182). 
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(3) Further, sulphonic acids can be obtained from the diazo-amido- 
derivatives by boiling with sulphurous acid. 

(4) By the oxidation of thio-phenols. This reaction proves that the 
sulphur atom of the sulpho-group is in union with the aromatic nucleus 
(compare mercaptans). 

(5) By the oxidation of sulphinic acids. 

Properties and Transformations. — Many aromatic sulpho-acids are 
very soluble in water and crystallise with difficulty. They can be sepa- 
rated from aqueous solution in the form of their sodium salts by means 
of sodium chloride : salting out (B. 28 , 91). In a cathode-ray vacuum 
many sulpho-acids can be distilled without decomposition (B. 33 , 
3207). The ready solubility of the sulpho-acids, in conjunction with 
their easy production, meets with an important technical application 
in the conversion of aromatic dyes insoluble in water into their 
sulpho-acids, which dissolve in water with ease. 

(1) The chlorides of the acids are made by acting upon the alkali 
salts with POCI3 and PCI5, and from the acids themselves by the action 
of PCI5. The chlorides are converted into amides, esters, etc., as in- 
dicated under the alkyl-sulphonic acids (Vol. I.). The esters of the 
sulpho-acids are transposed by alcohol at I40°-I50°, with the pro- 
duction of ethers (Vol. I.). Heating with phenols and with amines 
also makes the benzol-sulphonic esters transfer their alkyl groups to 
the former, so that they are generally useful as means of alkylation 
(A. 327 , 120). The sulphonamides are stable and crystallise well ; they 
are frequently prepared for the characterisation of a sulpho-acid. 

(2) Hydrocarbons (together with phenyl sulphones) are formed 
when the free acids are subjected to distillation : 

CeH^.SO^H = CJIe^SO,. 

This rupture is more easily accomplished by heating the acids with 
concentrated HCl to 150®, or by distilling the ammonium salt of the 
sulphonic acid, or a mixture of the lead salt with ammonium chloride 
(B. 16 , 1468). The decomposition results with least difficulty by con- 
ducting steam into the dry sulpho-acid, or its solution in concentrated 
sulphuric acid ; superheated steam is most effective (B. 19 , 92). 

(3) The SOjCl group in the sulpho-chlorides can be replaced by 
chlorine through the action of PCl^. In some sulphonic acids free 
chlorine and bromine are capable of eliminating the sulpho-group and 
introducing the halogens (B. 16 , 617). 

(4) The sulpho-group in many sulphonic acids is often replaced by 
NO2 upon treating them with concentrated nitric acid. 

(5) The sulphonic acids of the alkyl-benzols, more frequently applied 
in tile form of their sulphamides, yield sulpho-carboxylic acids upon 
oxidation. The oxidation of o-toluol-sulphamide to the sulphimide 
of o-sulpho-benzoic acid (y.r.), called saccharin, is technically im- 
portant. 

(6) The chlorides of the aromatic sulpho-acids become thio-phenols 
upon reduction (cp. C. 1900, 1 . 252 ; 107, II. 397) : 

CeH^SOjCl-i-eH = C2H5SH + 2H2O+HCI. 

This reaction, like that of the oxidation of thio-phenols to sulphonic 
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acids, demonstrates that in the sulpho-acids the sulphur is in immediate 
union with the benzene nucleus. 

(7) The sulphonic acids are not decomposed upon boiling them with 
aqueous alkalies. Phenols are formed when they are fused with alkalies. 
This reaction serves for the technical preparation of resorcin and other 
phenols : 

CeHg.SOjK+KOH = CeH^.OH+SOjK,. 

(8) WTien distilled with potassium cyanide (or dry yellow prussiate 
of potasli) nitriles result : 

CeH^.SOjK+CNK = CeH^.CN+SOjK,, 

and these may be readily saponified to carboxylic acids. 

(9) Carbox5dates are also obtained on fusing the alkali sulphonates 
vith sodium formate. 

(10) Melting sulpho-acids with Na amide yields anilines (B. 19 , 903 ; 
39 , 3014) : 

CeHgSOaNa+NaNH, = CeHaNHa+SOsNa,. 

Monosulphonic Acids.— Benzol-sulphonic acid CeHj.SOaH. m.p. 
66°, b.p. I35°-I37°, ciy^stallises from water, in which it is exceedingly 
soluble, in plates containing water of crystallisation. 

The barium salt (CaH5.S03)2Ba+Hj0 forms pearly flakes, and is 
sparingly soluble in alcohol. 

The chloride CaHg.SOjCl, m.p. 14*5®, b.p. 116° (B. 25 , 2257 ; 
C. 1900, I. 252), has a specific gravity of 1*378 at 23°. It slowly 
reverts to the acid upon boiling with water. 

Methyl ester, b.p.jo 154'* (C. i 903 » I* 396). 

The ethyl ester, b.p.^j 156°, obtained by the action of ethyl alcohol 
on the chloride, is decomposed into benzol-sulphonic acid and ethyl 
ether (Vol. 1 .) when it is heated to 150° with ethyl alcohol. 

Benzol-sulphamide QHa.SOg.NHg, m.p. 150°. 

Benzol-solphone-anilide CaHaSOjNHCaHa, m.p. 110°. The benzol- 
sulphamides of the primary bases are mostly soluble in alkali : their 
behaviour towards benzol sulpho-chloride may therefore be used for 
determining whether an amine base is primary or secondary (cp. B. 33 , 
477 ; 38 , 906). Concentrated sulphuric acid splits up the benzol- 
sulphonamides into their components (A. 367 , 157). 

Dibenzol-sulphimide {CeH5S02)2NH,from sodium-benzol-sulphimide 
with benzol sulpho-chloride (C. 1901, 11 . 1185). Benzol-sulpho-dlchlor- 
amide CaHjSOaNClj, m.p. 76°, is formed by the action of sodium hypo- 
chlorite upon benzol-sulphamide. The latter is regenerated by HCl 
and HI, with liberation of chlorine and iodine. With alkalies in the 
cold, salts of benzol-sulpho-monochloramide are formed in which 
the alkali is probably linked to oxygen : CaHaSO(OK) : NCI (C. 1905, 
I. 1010). 

Benzol-sulpho-nitramide CeHaSOjNHNO, consists of colourless 
plates, readily soluble in water. It decomposes at 100° into benzol- 
sulphonic acid and nitrous oxide. It is formed when a mixture of 
nitric and sulphuric acids acts upon benzol-sulphamide. Its pot^sium 
salt CaHjSOjNK.NOa. m.p. 275°, when reduced by glacial acetic acid 
and zinc dust becomes benzol-sulphono-hydrazide CeH,SOaNH.NHa, 
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m.p. 105® with decomposition, which also from benzol sulpho-chloride 
with hydrazin hydrate. 

Benzol-sulphone-phenyl-hydrazide, phenyl-benzol-sulphazide (see 
above). Dibenzol - sulphone - hydrazin (CgH5S02.NH)2, m.p. 228®. 
Benzol-sulphone-azide CeHjSOj.Ng, an oil, is, in contrast with car- 
boxylic azides, not attacked by hot water or alcohol (/. pr, Ch. 
2, 68, 160). 

The sulphamide and nitrous acid yield dibenzol-sulphon-hydroxyl- 
amine (C6H5S02)2N0H, which can also be made by the interaction of 
benzol-sulphinic acid and sodium nitrite ; with diazo-benzol chloride 
the product is benzol-sulpho-diazo-benzol-amide CeHgSOjNH — N= 
N.CeHg, m.p. 101° (B. 27 , 598). 

Benzo - snipho - hydroxamic acid CeH^SOa-NHOH, m.p. 126®, is 
obtained from benzol-sulpho-chloride and hydroxylamine. Alkalies 
decompose it into benzol-sulphinic acid and hyponitrous acid (B. 29 , 

1559. 2324) •• 

2C,HjSO,NHOH+4KOH = 2 CeHjS 0 ,K+(N 0 K),+ 4 H, 0 . 

With aldehydes, benzo-sulpho-hydroxamic acid passes into benzol- 
sulphinic acid and carbo-hydroxamic acids (C. 1901, II. 99). 

Benzol-sulpho-isocyanate CgHgSOgNCO, b.p.^ 130®, from benzol- 
sulpho-chloride and silver cyanate. An oil of feeble odour, exhibiting 
all the properties and transformations of the isocyanates (B. 37 , 690). 

Toluol-sulphonic Acids. — In sulphonating toluol o- and p-acids 
are the chief products. The o-acid can be obtained from p-tolyl- 
hydrazin-o-sulphonic acid free from the p-acid. The m-acid is obtained 
from p-toluidin-m-sulphonic acid. o-Toluol-sulpho-chloride is a 
liquid, formed from o-toluol-sulphinic acid and Cl (C. 1901, II. 961 ; 
B. 38 , 730), o-Toluol-sulphamide melts at 155® (see o-Sulpho-benzoic 
acid), m- Toluol-sulphonic acid CH3[i]CeH4[3]S03H+H20 ; its 
chloride is a liquid ; its amide melts at 107°. p-Toluol-Sttlphonic add 
CH3[i]C6H4[4]S03H+4H20; melts at 35°, b.p. 147®; its chloride melts 
at (>9®, and boils at 145° (15 mm.) ; its bromide melts at 96®, its 
iodide at 84®, and its amide at 137°. Methyl ester, m.p. 28® ; ethyl 
ester, m.p. 33® (A. 327 , 121). 

Ditoluol-sulpho-hydroxamic acid (C7H,.S02)2N0H melts with 
decomposition at 148°. It results from the action of sodium nitrite 
upon toluol-sulphinic acid. It combines with an additional molecule 
of the sulphinic acid to tritoluol-sulphonamide (C7H7.S02)3N, melting at 
190® (/. pr, Ch. 2. 54 , 95 ; C. 1901, I. 455). Further derivatives of 
p-toluol-sulphonic acid, see B. 34 , 2996. 

Xylol-sulphonic Acids. — 1 , 2 -Xylol- 4 -sulphonIc acid : its chloride 
melts at 51®, its amide at 144®. 1 , 3 -Xylol- 4 -sulphonic acid : its chloride 
melts at 34®, and its amide at 137°. 1 , 3 -Xylol- 2 -sulphonic acid : its 
amide melts at 95°. 1 , 4 -Xylol- 3 -sulphonic acid : its chloride melts at 

25®, and its amide at 247®. They result upon sulphonating the various 
xylols. 

[ 1 , 2 , 4 ]-Pseudo-cumol-S-sulphonic acid (CH3)3C3H2S03H+2H20 
melts at 1 1 1®. Its chloride melts at 61®, and the amih at 181®. Mesity- 
lene-sulphonlc acid C3H12SO3+2H2O melts at 77®, its chloride at 57®, 
and its amide at 141®. 
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PoLY-suLPHONic AciDS. — Benzol - dlsoIphODle acids 

On heating benzene with fuming sulphuric acid to 200° C., we get meta- 
and />ara-benzol-disulphonic acids, with the former in predominating 
quantity, but by prolonged heating it passes into the para-v^xitiy 
(B* 9 , 550). ^1/d/a-disulphonic acid is produced from disulphanilic acid 
by means of the diazo-compound. 

Ortho-benzol-disulphoiiic acid is formed from meta-amido-benzol- 
sulphonic acid by further introduction of the sulpho-group, and replace- 
ment of NHj by hydrogen. The melting-points of the sulpho-chlorides 
and sulphamides of the three isomeric disulphonic acids are : 



Ortho. 

Meta. 

Para. 

C.H.(SO.Cl). 

M 

0 

0 

63° 

132® 

C.H,(SO,NH.), 

233® 

228° 

288°. 


The corresponding dicyanides, C6H4(CN)2, the nitriles of the three 
phthalic acids, are obtained by distillation with potassium cyanide or 
potassium ferrocyanide. When fused with potassium hydroxide, both 
meta and para acids yield resorcin (meta-dioxy-benzol) ; at lower tem- 
peratures meta-phenol-sulphonic acid CeH4(0H)S03H results at first 
from both acids. 

Benzol-trlsulphonic acid QH 3 (S 03 H )3 (i, 3, 6) is easily made 
by heating potassium m-benzol disulphonate with common sulphuric 
acid (B. 21 , R. 49). The free acid (from the lead salt) crystallises in 
long needles with 3H2O ; its chloride melts at 184°, its amide at 306°. 
Fused with caustic potash, it yields phloroglucin C6H3(OH)3, or i, 3, 5- 
trioxy-benzol ; and upon heating with potassium cyanide it forms 
the trinitrile, which upon saponification becomes trimesinic acid 

Toluol-disulphonic acids. The six possible isomerides are known 
(B. 20 , 350 ; 29 , R, 868). 

Xylol-disulphonic acids (B. 25 , R. 700). 

Benzol-seleno-acid CgHsScOjjOH, hygroscopic needles, m.p. 142°, 
is formed by heating benzene with selenic acid to ioo°-iio°, as well as 
by oxidation of phenyl-diselenide with chlorine water. It detonates 
on heating to 180°, yielding oxygen, phenyl-sclenide, and phenyl- 
diselenide. Reduction with SH2 or SOg converts it into seleno-phenol. 
With concentrated HCl it develops Cl, even in the cold, being reduced 
to benzol-seleninic acid (C. 1909, II. 20). 

Chloro-, Bromo-, I0D0-, I0DOSO-, N1TR0-, Nitroso- and Amido- 
BENZOL-sULPHONic AciDS. — The chloro-, bromo- and iodo-benzol- 
sulphonic acids are prepared from the three amido-benzol-sulphonic 
acids by means of the diazo-reactions (B. 28 , 90). p-Compounds are 
the principal products in the sulphonation of chloro- and bromo- 
benzols. In nitrating benzol-sulphonic acid and sulphonating nitro- 
benzol the three isomeric nitro-benzol-sulphonic acids are produced 
with the m-derivatives in predominating quantity (A. 177 , 60). 

o- and p-Nitro-benzol-sulphonic acids are best prepared by oxida- 
tion of the corresponding nitro-benzol-disulphides (N02C3H4S)2, 
obtained from the nitro-chloro-benzols, with fuming sulphuric acid 
(B. 85 , 651 ; C. 1903, I. 508). 
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The following table contains the melting-points of the chlorides and 
amides of the acids : — 



Ortho. 

Meta. 

Para. 

Chloride. 

Amide. 

Chloride. 

Amide. 

Chloride. 

Amide. 

Chloro-sulpho- . 

28° 

188® 

Oil 

0 

00 

M 

53 ® 

M 3 ° 

Bromo-sulpho-. 

51° 

186° 

Oil 

154° 

75 ® 

166® 

lodo-sulpho- . 

51° 

170® 

23® 

1*^2® 

84° 

i« 3 ® 

Nitro-sulpho- . 

67“ 

186® 

60® 

I6I® 

Oil 

iSi® 

1 


o-Iodo-chloride-benzol sulpho-ehloride ICl2[2]CeH4[i]S02Cl, m.p. 
60®, is converted by sodium hydroxide into iodoso-benzol-sulphonlc 
acid (B. 28, 95 ). 

m-Nitroso-benzol-sulphonlc acid (B. 25 , 75). 

Amido-benzol-sulphonic acids. — (i) On sulphonating aniline at 
180° with fuming sulphuric acid (8-10 per cent. SO3), the p-derivative 
constitutes the chief product. It is sulphanilic acid, important in the 
technology of dyes, and was discovered in 1845 by Gerhardt. The 
second sulpho-group enters the o-position with the formation of 
l-aalline-2,4-disulphonic acid or dlsulphanilic acid; a trisulphonic 
acid is not produced (B. 23, 2143). 

Amido-benzol-sulphonic acids are also produced (2) by reduction 
of nitro-benzol-sulphonic acids ; (3) by heating chloro-benzol-sulphonic 
acids with ammonia in the presence of copper salts (C. 1909, I. 477). 
(4) The sodium salts of phenyl-sulphaminic acids, on being heated to 
170®- r8o®, transpose themselves into amido-benzol-sulphonates (C. 
1907. 1. 1792). 

The amido-benzol-sulphonic acids, like glycocoll and taurine, can be 

/ so,o 

regarded as cyclic ammomum salts, C*H4n. j 

\NHs 

The three amido-benzol-sulphonic acids dissolve with difficulty in 
water, alcohol, and ether. The (or//io)-acid either crystallises in an- 
hydrous rhombohedra or in four-sided prisms containing JH2O ; these 
do not effloresce. It is best prepared by the reduction of p-bromo- 
aniline-o-sulphonic acid (B. 28 , R. 751 ; 29 , 1075 ; C. 1903, I. 508). 

The (m^a)-acid, called metanilic acid, and also important in the 
technology of dyes, crystallises in delicate needles or in prisms with 
iJHjO, which effloresce. 

p-Sulphanilie acid crystallises from hot water in rhombic plates 
with I molecule HgO ; these effloresce in air. They are soluble in 
112 parts H2O at 15® (B. 14, 1933). It yields a considerable quantity 
of quinone when oxidised with MnO, and H2SO4 or chromic acid. It 
yields aniline and not amido-phenol when fused with caustic potash ; 
unlike its isomerides, it is readily converted by bromine water into 
tribromo-aniline (B. R. 309). 

The sodium-amido-benzol-sulphonates yield acetyl derivatives with 
acetic anhydride (B. 17, 708 ; 89 , 1561), whereas the free acids are 
VOL. II. N 
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(3) By a straightforward reaction, sulphinic acids are produced by the 
action of Cu powder upon diazonium-salt solutions saturated with SOg 
(B. 32 , 1136) : 

CeH 5 Ng.S 04 H+S 0 g+Cu=CeH 5 .S 0 gH+Ng+S 04 Cu. 

(4) Sulphinic acids are also produced from SO* and benzene in the 

presence of A1 chloride, a reaction in which the compound ClSOgAlClg 
is formed as an intermediate product. The reaction is an extremely 
smooth one (B. 41 , 3315). In this case the phenol ethers yield also 
sulphoxides and sulphonium bases (C. 1908, II. 237). (5) By the 

action of SOg, or SOgClg, upon phenyl-magnesium bromide (B. 87 , 
2153 ; C. 1905, I. 1145). (6) From sulphones with sodium (B. 26 , 
2813). (7) By the action of KCN or sodium arsenate upon benzol 

thio-sulphonates (B. 41 , 3351). (8) By decomposition of benzol- 

sulphydroxamic acids. 

Behaviour . — The sulphinic acids are not very stable, and when 
heated with water split up into sulphonic acids and disulphoxides. 

The air and oxidising agents (especially Mn04K or BaOg) convert 
them into sulphonic acids. By reduction, zinc dust, and sulphuric acid, 
the sulphinic acids are converted into thio-phenols. 

Their salts unite with sulphur, forming thio-sulphonates. When 
fused vith alkalies they decompose into benzenes and alkaline sulphites. 
By the action of thionyl chloride they yield sulphinic chlorides (B. 41 , 
4114), and vith acetic anhydride, sulphinic anhydride (B. 41 , 3323). 
With aldehydes the sulphinic acids combine to form oxy-sulphones 
CH3CH(0H)S02C4H5 ; to aj 3 -unsaturated aldehydes, ketones, and 
carboxylic acids they add themselves like sulphurous acid with forma- 
tion of sulphones, like C3H5CH(SOgCgH5)CH2COOH (C. 1904, I. 874). 

Benzol-sulphinic acid and quinone unite to unsym. p-dioxy-diphenyl- 
sulphone (HO)2[2, 5]C4H3[i]SOgC3H5 (B. 27 , 3259) ; this also reacts with 
a number of other substances containing quinoid linkages (cp. B. 29 , 
2019). Benzol-suIphinic acid also reacts with o- and p-dioxy-benzols, 
forming dioxy-diphenyl-sulphones, while phenol gives compounds like 
oxy-diphenyl sulphide HOC4H4SC3H5, and aniline chlorohydrate yields 
amldo-dlphenyl sulphide HgNCeH4Srjl5 (B. 86, 107). 

The alkaline sulphinates form, with alkyl iodides, mixed sulphones, 
and with chlorofonnic esters they form the real sulphinic esters (B. 26 , 
308, 430) : 

CeHjSOgNa-j- CICO AHb = QH^SOO.CgH.+NaCl-f CO*. 

With ferric chloride the sulphinic acids in acid solution, form 
slightly soluble ferric salts, well adapted to the isolation of the sulphinic 
acids (C. 1909, 1 . 1649). 

Benzol-sulphinic acid C4Ha.SO.OH, m.p. 83®. Zinc salt (CeHaSOg^g 
Zn-f2HgO. Ethyl ester, sp. gr. 1.141 (20®), decomposes when it is 
heated. 

Benzol-sulphinic anhydride (C«HaSOa)aO, m.p. 67®, deliquesces 
rapidly with formation of benzol-sulphonic acid and benzol-thio- 
sulphonic phenyl ester CeHaSOaSCeHa. 

Benzol-sulpMnic chloride CaHaSOCl, colourless plates, m.p. 38®, 
fumes in air, and is rapidly decomposed by water, with regeneration 
of benzol-sulphinic acid. 
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0- and p-Toluol-sulphinie acid CeH4[i](CH8)[2]SOOH, m.p. 8 o® 
and 85® (/. pr, Ch, 64 , 517 ; 66, 213). For further homologues, see 
B. 82 , 1140. Dimethyl- and diethyl-aniline-solphlnlc acid R2NC8H4 
SOjH is formed by the action of thionyl chloride upon dimethyl- and 
diethyl-aniline (A. 310 , 137). Benzol-disolphinlc acid C4H4(S02H)2, 
see B. 36 , 2168 ; 86, 189. 

Benzol-seleninic acid CeHgSeOOH, m.p. 124®, by oxidation of 
phenyl diselenide with nitric acid, and by the action of HCl upon 
benzol-seleno-acid. On heating to 130® it passes into benzol-seleninic 
anhydride (CeH5Se0)20, m.p. 164® (C. 1909, II. 21). 

Benzol-thio-sulphonic acid. — Its salts result from the chloride of 
benzol-sulphonic acid, and alkali sulphides, as well as from the inter- 
action of benzol sulphinates and sulphur (B. 25 , 1477). With organic 
bases the thio-sulphonic acids often form easily crystallised salts 
(C. 1900, I. 611). 

Disulphoxides or Esters of the Thio-sulphonic Acids. — Alkyl 
esters and alkylene esters of benzol-thio-sulphonic acid result from the 
interaction of the potassium salt with the corresponding bromides 
(B. 26 , 1477). Phenyl-thio-sulphonic aceto-acetic ester C4H5SO2S. 
CH(C0CH3)C00C2H5, m.p. 56°, from chloraceto-acetic ester and 
potassium-benzol thio-sulphonate (C. 1900, II. 178). 

Phenyl esters — e.g. C^Hg.SOg.S.C^Hj — are obtained (i) by oxi- 
dising the thio-phenols with nitric acid ; (2) by heating the sulphinic 
acids with water to 130® ; (3) by oxidation of disulphides with hydrogen 
peroxide (B. 41 , 2838). 

Benzol disulphoxide C4H5.SO2.S.C4H5, m.p. 45®, is insoluble in 
water, but dissolves readily in alcohol and ether (B. 20 , 2090). 

Sulpho-benzol sulphide (C4H5S02)2S, m.p. 133®, and sulpho-benzol 
disuipmde (€4115502)252, m.p. 76®, trisulphide, m.p. 103®, result from 
the action of iodine and of chlorine upon potassium-benzol thio- 
sulpnonate ; also from benzol sulphinates and benzol thio-sulphinates 
with sulphur chlorides (B. 24 , 1141 ; /. pr. Ch, 2, 60 , 113). 

Disulphones, like diphenyl-sulphone C5H5SO2.SO2C4H5, m.p. 194®, 
phenyl-toiyl-disulphone C4H5SO2.SO2C4H4.CH3, m.p. 166®, Ditolyl-di- 
sulphone CH3C4H4SO2.SO2C4H4CH3, m.p. 212® with decomposition, are 
formed by transposition of sulphinates with sulpho-chlorides (C. 1899, 
II. 719). Also in small quantities, besides sulpho-acids, during the 
oxidation of benzol-sulphinic acids with Mn04K (C. 1908, II. 1427). 
On heating with alkalies they decompose into a mixture ot sulphinates 
and sulphonates. 

Sulphoxldes. — Mixed aromatic-aliphatic sulphoxides are formed from 
the aryl-alkyl sulphides by oxidation with HgOg (B. 41 , 2836 ; C. 1909, 
I- 350). or from their dibromo addition products by the action of water. 

Phenyl-sulphoxy-acetlc acid C4H5SOCH2COOH, m.p. 116®, is split 
up by heating with mineral acids into thio-phenol and glycolic acid. 

Diphenyl-sulphoxide, thionyl-benzol (€4^15)250, m.p. 70®, is pro- 
duced (i) by the action of SOj or SOClj upon benzenes in the presence 
of AljClj (B. 20 , 195 ; 27 , 2547) ; (2) by oxidation of diphenyl sulphide 
with H2O2 (B. 43 , 289) ; (3) by the action of thionyl chloride or 
diethyl sulphite upon phenyl-magnesium bromide (B. 43 , 1135). 
Potassium permanganate oxidises it to diphenyl-sulphone. 

Diphenyl-selenium oxide (C4H5)2SeO has been prepared by oxi- 
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dising diphenyl selenide (9.v.)> dibromide of the latter 

(B. 29, 424). 

SuLPHONES. — ^The alkyl-aryl sulphanes are isomeric with the esters 
of the alkyl-sulphonic acids. They result from the sodium sulphinates 
and the alkylogens. The purely aromatic sulphones are obtained (i) 
by the action of SOs or chloro-sulphonic acid upon benzenes (together 
with sulphonic acids), 2C^Hg+S08=(C,H5),S0g4-Hj0 ; (2) by the 
distillation of sulphonic acids (together with hydrocarbons); (3) by 
the oxidation of the phenyl sulphide ; (4) on heating benzol-sulphonic 
acids with benzenes and PfOg ; (5) by the action of zinc dust, or 
aluminium chloride, upon a mixture of a sulphonic chloride and a 
benzene hydrocarbon : 

C,H,SO.Cl+C.H.CH, — cH,[i]C,hS}®°* C,H,+CH,[i]C.H4[4]SO.a. 

The same phenyl-p-tolyl-sulphone results from benzol-sulphonic acid 
and toluol, as from p-toluol-sulphonic acid chloride and benzene, which 
would prove that both groups are in union with sulphur, and that the latter 
is sexivalent (B. 11, 2181). (6) Nitro-substituted sulphones are readily 

formed from o- and p-chloro-nitro-benzols with sulphinates (B. 84, 
1150). (7) Oxy- and amido-substituted sulphones result from the union 
of sulphinic acids with quinone- and quinone imine derivatives. 

Phenyl-ethyl-sulphone CgH^SOjC^Hj, m.p. 42® and b.p. above 300®. 
Phenyl-ethyl-Balphoiie alcohol C^Hj.SOt.CHs.CH^OH, is a syrup 
formed from ethylene chloro-hydrin and sodium-benzene sulphinate, 
as well as by the action of concentrated sodium hydroxide upon 
ethylene-diphenyl-disalphoDo C8HjSO8.CH8.CH8.SO2.C8Hs, m.p. 180®. 
Phenyl-sulphone-ethyl alcohol upon oxidation yields pbenyl-sulphone- 
aeette acid CjHjS02CH8.C08H, m.p. 112® ; caustic potash resolves this 
into CO, and phenyl-methyl-sulphone CjHj.S08.CHs, m.p. 88®. Phenyl- 
sulphone acetamide CjHjS08CH8C0NH8, m.p. 156®, from sodium- 
benzol sulphinate and chloro-acetamide (C. 1905, I. 1134). Phenyl- 
sulpho-aceto^mie tjHjSOjCHsCN, m.p. 114®. 

The hydrogen ol the CH, group in the esters of phenyl-sulphone- 
acetic acid is replaceable by sodium, but not by alkyls (B. 22, 1447 ; 
28, 1647 ; /. pr. Ch. 2, 60, 96 ; C. 1905, II. 1784). 

Phenyl-aliyl-sulphone CjHjS08.C8Hj is an oil (A. 288, 185). 

The a and jS-phenyl-sulphone-propionic acids, melting at 115® and 
123® (B. 21, 89), as well as numerous other mixed fatty-aromatic 
sulphones of the greatest variety, have also been prepared. 

Diphenyl-suiphona (CjHj)8S08, benxol-sulphone^ sulpho-benzide, melt- 
ing at 128® and boiling at 276®, is formed by the distillation of 
benzol-sulphonic acid, and by the oxidation of the phenyl sulphide 
(CjHj) 8S and diphenyl sulphoxide (see above) ; further, from benzol- 
sulphonic chloride CjHj.S08Cl and mercuiy-diphenyl, as well as from 
benzol and benzol-sulphonic chloride or sulphuryl chloride with 
aluminium chloride (B. 26, 2940). It is also obtained by the action 
of fuming sulphuric acid or SO, upon benzene. It is converted into 
benzol-stdphonic acid when digested with concentrated sulphuric acid. 
When heated with PClj, or in a current of chlorine gas, it is decomposed 
into chloro-benzol and the chloride of benzol-sulphonic acid. 

With sulphur or selenium, diphenylsuiphone forms: — diphenyl 
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sulphide or diphenyl sdenide (B. 27 , 1761). Sodium converts it into 
sodium-benzol sulphinate and diphenyl (B. 26 , 2813). 0- and p-nitro- 
diphenyl-sulphone NOsCgH4SO|CgH| m.p. 147'’ and 143° ; and 2, 4, 6- 
trinitro-diphenyl-sulpbone (NO,)8C4H,SO,C4H4, m.p. 233®, are formed 
from 0- and p-nitro-chloro-benzol or picryl chloride with sodium-benzol 
sulphinate. DiphenyUselenone (C4H8)8Se08, melting at 155® and 
boiling at 271®, results on oxidising diphenyl-selenium oxide with 
potassium permanganate (B. 29 , 424). On heating alone it deflagrates, 
giving ofi its oxygen and forming a stable diphenyl selenide. 

7 . Phenols. 

The phenols are derived from the aromatic hydrocarbons by the 
replacement of hydrogen of the benzene residue by hydroxyl. The 
phenols, like the alcohols, are distinguished as mono*, di-, and tri< 
hydric, according to the number of hydroxyl groups which have entered. 
All of the six hydrogen atoms in benzene can be replaced by hydroxyl 
groups. The phenols correspond to the tertiary alcohols, as they yield 
neither acids nor ketones upon oxidation. Their acid nature, dis- 
tinguishing them from alcohols, is governed by the more negative 
nature of the phenyl group, and is e^anced by the entrance of more 
negative groups (see Picric acid ; C. 1903, 1 . 326 ; II. 717). In contrast 
to the phenols, the aromatic alcohols, which aie their isomerides, and 
have the hydrogen of the side-chains replaced by hydroxyl, approach 
the aliphatic alcohols in their behaviour. 

Various representatives of the phenols have been found in the 
vegetable kingdom. 

Some of them occur already formed as phenol-sulphonic acids in 
the urine of mammalia. In the organism of the latter many organic 
bodies are oxidised to phenols : benzene to phenol, bromo-benzol to 
bronjo-pbenol. aniline to amido-phenol, phenol to hydroquinone. In the 
decay of albumin the presence of phenols has also been established. 

Phenols art produced in the dry distillation of wood, particularly 
beech-wood, turf, bituminous coal (B. 26 , R. 151), and anthracite coal. 
To isolate the phenols from coal-tar, shake the latter with caustic alkali, 
in which they are soluble. Acids liberate them from this solution, and 
then they can be purified by fractional distillation. 

Monohydrtc Phenols. — ^I n addition to the methods of formation 
just given, the following are worthy of note : 

(1) The decomposition of the diazo-derivatives, especially their 
sulphates, with boiling water or copper sulphate solution. 

(2) Fusion of the sulphonic acids with potassium or sodium hydrox- 
ide. This reaction was discovered in 1867 by KekuW, Wiirtz, and 
Dusart, independently of each other : 

C4H,.S08K-fK0H = C4H5.OH+SO3K2. 

In practice this method is used to obtain phenols from sulpho-acids, 
the operation being carried out in iron vessels. 

The experiment in the laboratory is executed in a silver or nickel 
dish, the melt is dissolved in water, excess of acid is added, and the 
phenol extracted with ether. 

In fusing sulphonic acids or phenols containing halogens, the latter 
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are also replaced with formation of polyhydric phenols. Occasionally 
the sulpho-group splits off as sulphate and is replaced by hydrogen ; 
thus, cresol-sulphonic acid yields cresol. 

(3) The halogen benzene substitution products do not react with 
alkadies ; but if nitro-groups are present at the same time, the halogens 
are replaced even by digesting with aqueous alkalies — this wiU occur 
the more readily if the nitro-groups ^ multiplied. In this respect 
they approach the acid chlorides : 

C«H2(N0,)3C1+H,0 = C,H3(N03)30H+HC1 

Picryl chloride Picric acid. 

(4) The amido-group in the nitro-amido-derivatives can also be 
replaced by hydroxyl on boiling with aqueous alkalies ; ortho- and 
para-nitranilines C3H4(N02).NH3 (not meta-), yield their corresponding 
nitro-phenols. The ortho-dinitro-products react similarly. 

(5) Small quantities of phenol can be obtained from benzene by the 
action of ozone, hydrogen peroxide (palladium hydride and water), and 
by shaking with sodium hydroxide and air (B. 14 , 1144). By the 
addition of ox3gen to benzene through the instrumentality of alu- 
minium chloride. 

(6) By the breaking down of phenol-carboxylic acids, when their 
salts are subjected to dry distillation with hme. 

(7) The synthesis of the higher phenols by introduction of alkyls into 
the benzene nucleus takes place readily on heating the phenols with 
alcohols and ZnClj to 200® (B. 14 , 1842 ; 17 , 669 ; 27 , 1614 ; 28, 407) : 

CeH3,0H-f(CH3),CH.CH3.0H = (CH3)3CH[4]CeH4[i]OH. 

Alkjd ethers of the phenols are simultaneously produced ; methyl 
alcohol yields only phenyl-methyl ether C3H5.O.CH3. Magnesium 
chloride (B. 16 , 792) and primary alkali sulphates (B. 16 , 2541) possess 
the same condensing power as ZnClg. 

(8) Phenols, under the influence of concentrated sulphuric acid, 
take up unsaturated hydrocarbons — e.g, iso-amylene — and form alkyl 
phenols (B. 25 , 2649). 

(9) The introduction of alkyl groups into the phenol nucleus by 
means of the aluminium or ferric chloride reaction is not simple (cp. 
B. 32 , ^424) ; the phenol ethers are more suitable. On ethylation of 
phenol b^^ means of ether and aluminium chloride, see B. 82 , 2391. 

Behaviour : Replacement of the Hydrogen Atoms, — (i) The character 
of the phenols, recalling the acids, expresses itself in the ease with which 
they form salts, particularly with the alkalies. The hydrogen of the 
hydroxy l group is also readily replaced (2) by alcohol radicles and 

(3) by acid radicles. 

(4) The presence of an hydroxyl group in the place of an aromatic 
hydrogen atom renders more easy the substitution of other hydrogen 
atoms by chlorine, bromine, and the nitro-group. 

(5) The phenols unite with the diazo-compounds, forming azo- and 
diazo-dyes : oxy-azo-derivatives. 

(6) Colour Reactions of the Phenols, — On adding phenols (mono- or 
polyhydric) to a solution of KNO* (6 per cent.) in concentrated sulphuric 
acid, intense colorations arise ; with common phenol we get first a 
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brown, then green, and finally a royal-blue colour (reaction of Lieber- 
mann) (see B. 17 , 1875). Dyes are produced in this manner ; their 
character is as yet unexplained. They have been called *dichrolns 
(B. 21 , 249). The phenols afford similar colours in the presence of 
sulphuric acid, with diazo-compounds and nitroso-derivatives. Ferric 
chloride imparts colour to the solutions of most phenols. Mercury 
nitrate, containing nitrous acid, colours nearly all the phenols red 
(reaction of Plugge) (B. 28 , R. 202). 

Replacement of the Hydroxyl Group. — (7) When heated with zinc dust 
the phenols are reduced to hydrocarbons. 

(8) The oxygen of the simple phenols is not very easily replaced 
by chlorine when phosphorus pentachloride acts upon them. Phenol 
itself has given the body CjH50PCl4. The pentachloride acts with 
greater ease upon the nitro-phenols, forming nitro-chloro-benzols. 

(9) Phosphorus sulphide converts the phenols into thio-phenols. 

(10^) The anilines result on heating with zinc ammonium chloride. 

(lob) In the alkyl ethers of the nitro-phenols (as with the acid 

esters) we can replace the OH by NH,, on heating with alcoholic 
ammonia. 

(it) For the oxidation of the alkyl residues of homologous phenols, 
see below. 

Nuclear Syntheses. — (i) Compare methods 7, 8, and 9, upon the 
replacement of the aromatic hydrogen atoms of the phenols by alkyl 
groups. 

(2) The alkali salts of the phenols are converted by carbon dioxide, 
at higher temperatures, into the alkali salts of oxy-acids — phenol- 
carboxylic acids (compare salicylic acid). 

(3) The phenols also yield phenol-carboxylic acids with carbon tetra- 
chloride and sodium hydroxide. 

(4) Oxy-aldehydes or phenol-aldehydes (see salicyl-aldehyde) are 
produced from phenols, chloroform, and caustic soda. 

(5) The phenols condense with formaldehyde to phenol alcohols (see 
Saligenin). 

(6) Cumarins (q.v.) are formed on heating phenols with malic acid 
and sulphuric acid. 

(7) Dye-stuffs belonging to the aurin series, and derived from tri- 
phenyl-methane CH(C4H4)3 (q,v.), are obtained from the phenols by 
their action upon benzo-trichloride C^H^.CClj. 

(8) The ^o-called phthaleins are combinations of phthalic acid 
and o-sulpho-benzoic anhydride with the phenols. Similar reactions 
occur with naphthalic anhydride (?.v.), succinic anhydride, and other 
anhydrides of dibasic carboxylic acids. 

Reduction of the Phenols. — On conducting phenyl vapours mixed with 
excess of hydrogen over finely divided nickel at 215^-230®, the phenols 
are reduced to hexahydro-phenols (C. 1904, I. 279 ; see also B. 40 , 
1286). 

By reduction of phenol with alternating currents, cyclo-hexanone is 
produced (/. pr. Ch. 2, 88, 65). 

Breaking down of the Benzene Nucleus of the Phenols. — (i) By oxida- 
tion of phenol (?.v.). (2) By treating the phenols with chlorine, and 

then decomposing the chlorine addition products with alkalies. 

Benzo-phenol. Phenol, carbolic acid, CgH^.OH, m.p. 43® and b.p. 
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benzol, from benzol-sulphonic acid, from the three oxy-benzoic acids, 
etc., by the methods previously described. It occurs already formed 
in Castoreum and in the urine of the herbivorae. 

Commercial phenol is a colourless, crystalline mass, which gradually 
acquires a reddish colour on exposure to the air (B. 27 , R. 790 ; C. 
1909, II. 597). Pure phenol crystallises in long, colourless prisms. It 
possesses a characteristic odour, burning taste, and poisonous and 
antiseptic properties. It dissolves in 15 parts at 20°, and very readily 
in alcohol, ether, and glacial acetic acid. It is volatile with steam. 
Ferric salts impart a violet colour to its neutral solutions. Bromine 
water precipitates [2, 4, 6]-tribromo-phenol from even very dilute 
solutions. On introducing phenol into the organism, it occurs in 
the urine as phenol-glucuronic acid (Vol. I.) and as phenyl-sulphuric 
acid. 

Diphenols CijH8(OH)2, derivatives of diphenyl (q.v,), are produced 
on fusing phenol with caustic potash. 

Diphenylene oxide is produced when phenol is distilled over lead 
oxide. Aurin results when it is heated with oxalic or formic acid and 
dehydrating agents (q.v.). Potassium permanganate oxidises phenol 
to inactive or meso-tartaric acid (V’^ol. I.). Perm onosulph uric acid 
oxidises it to p>Tocatechin and hydroquinone (/. pr. Ch. 2, 68, 486). 
Chlorine finally changes phenol to keto-chlorides, which are derived 
from di- and tetrahydro-benzol (B. 27 , 537). Chlorine and caustic soda 
convert phenol into trichloro-R-pentene-dioxy-carboxylic acid. The 
most important reactions of phenol have been previously described. 

History . — Runge discovered(i834) phenol in coal-tar and called it 
carbon-oil acid, or carbolic acid. He also observed the physiological 
properties it possessed in common with creosote. Laurent, in 1841, 
first obtained it pure and gave it the names hydrate de phinyle or acide 
phinique, from ifaivtiv, to illuminate, probably because it occurs in the 
tar produced in the manufacture of illuminating gas. Gerhard t, who 
prepared it from salicylic acid, introduced the name phenol, indicating 
thereby that it was an alcohol. In 18O7 Lister, of Glasgow, showed its 
great importance in surgery as a disiulectant. 

Phenolates. — Phenates, potassium phenate C^H^OK, and sodium 
phenate C^H^ONa, are obtained by dissolving phenol in caustic potash 
or soda , cv aporating the solution, and sharply drying the residue. Both 
salts dissolve readily in water (B. 26 , R. 150). Carbon dioxide sets 
phenol free from them ; it is, therefore, not soluble in the alkali 
carbonates. 

Caleium phenate and mereury phenate (CgHfO)2Hg. 

(See B. 29 , R. 178, for the compounds of the phenols with aluminium 
chloride ; and see Salicylic acid for the action of CO, upon dry phenates.) 
Almninium phenate (C8H50)3A1, by heating phenol with Al. It is a 
glassy mass, melting about 265® (C. 1906, 11 . 114). On combinations 
of phenols with Al chloride, see B. 29 , R. 178 ; with nitrogen bases, 
B. 35 , 1207). 

Homologous Phenols. — It is strange that the cresols, as well as 
other higher phenols, cannot be oxidised by the chromic acid mixture : 
the OH-group prevents the oxidation of the alkyl groups by chromic 
acid. If, however, the phenol-hydrogen is replaced by alkyls, or add 
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radicles (in the phenol ethers and esters), then the oxidation of the 
alkyl does take place with the production of ether acids or ester 
acids. 

The readily prepared sulphuric, or phosphoric, acid esters of the 
homologous phenols are best adapted for oxidation with an alkaline 
permanganate solution (B. 19 , 3304), whereas the free phenols are 
completely destroyed by this reagent (compare oxidation of phenol, 
above). 

The oxidation of the alkyls in the sulpho-acids of the homologous 
phenols is similarly influence by the sulpho-group. In general, ntga- 
live atoms, or groups, prevent the oxidation of ^kyls in the ortho^sition 
by acid oxidants, whereas alkaline oxidants — e.g. KMn04 — do precisely 
the reverse, in that they first oxidise the alkyl group holding the ortho- 
position (A. 220 , 16). The methyl groups of the methyl-phenols, such 
as the cresols and xylenols, are converted by molten alkalies, with 
the addition of PbO or PbO, (B. 39 , 794), into carboxyl grou^^, 
and there result oxy- benzoic acids, oxy-toluic acids, oxy-phthaiic 
acids, etc. (compare the like behaviour of the homologous pyrrols and 
indols). 

p-Alkylated halogen phenols are oxidised by nitric acid to so-called 
quinitrois and quinols, which substances are dealt with in connection 
with pseudo-phenol bromides and methylene-quinones in the chapter 
on “ Phenol Alcohols,** 

Other transposition reactions are given above. The liquid homo- 
logous phenols are particularly characterised by the melting-points of 
their benzoyl esters ; therefore these will be given in connection with 
the various members. 

1. Cresols, oxy-coluols, CH3.CeH40H. -The three isomerides occur 
in coal-tar and beechwood tar. 

They are obtained irom the toluidins by method I., and from the 
toluol-sulphonic aads by method 11 . They have a similar odour, but 
it is more disagreeable than that of phenol. They are less poisonous, 
and are disinfectants. They are changed to toluol when heated with 
zinc dust. Sodium and carbon dioxide produce the corresponding 
cresotinic acids. 

See above lor their oenaviour towards molten caustic potash and 
other oxidising agents. o-Cresol is obtained from carvacrol, and the 
m-body from thymol (see below). The latter is also prepared from the 
dibromide of synthetic /j-methyl-keto-R-hexene (j.v.) by the elimina- 
tion of hydrogen bromide (A. 281 , 98). 

o-Cresol, [i, 2\-oxy-toluol, m.p. 31®, b.p. 188® 
m-Cresol, [1, syoxy-toluol, „ 4®, „ 201® 
p-Cresol, [1, j^yoxy-toluol, „ 36®, „ 198®. 

Ferric chloride colours o-cresol blue. The crude cresols are used 
as disinfectants : cfcolm is a solution of the crude cresols in alkalies ; 
cresolin is a solution of the same in resin soaps ; while lysol is a solution 
of crude cresols in oline soaps. See B. 14, 687, for the behaviour of the 
cresols in the animal organism. 

2. Phenols C^HyOH.— Oxy-dimethyl-benzols and oxy-ethyl-benzol. 
The six possible xylenols C4Hg(CH3),.OH have been prepared. 
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Ethyl-phenols — ^From the ethyl-benzol-sulphonic 

acids (B. 27, R. 189). 

o-Bthyl-phenoI, liquid, b.p. 203® ; benzoyl compound, m.p. 39® 
m-Ethyl-phenol, „ 214®; „ „ „ 52® 

p-Ethyl-phenol, m.p. 45®, „ 215® ; „ „ „ 59®. 

3. Phenols C^n.OH. — Hesitol CeH2(CH3)3.0H, from amido- 
mesitylene and mesitylene-sulphonic acid, m.p. 68® and b.p. 220®. 
[i]OH[2.4,5]-Pseudo-cumenol C3H2(CH3)3.0H, from pseudo-cumene- 
sulphonic acid, m.p. 73® and b.p. 232® (B. 17 , 2976). On the bromina- 
tion products of pseudo-cumenol, and the formation of pseudo-phenol 
bromides, insoluble in alkalies, see “ Phenol Alcohols,** 

m-n-lhropyl-phenol, from iso-safrol, m.p. 26® and b.p. 228® (B. 23, 
1162). p-n-Propyl-phenol boils at 232®. p-Iso-propyl-phenol melts at 
61®, and boils at 229®. It is also produced along with hydroquinone 
on decomposing diphenol-jS-propane (CH3)2C(C3H40H)2 (from the 
action of fuming hydrochloric acid on acetone and phenol), with 
molten caustic potash (B. 25, R. 334). 

4. Phenols CioH^j.OH. — There are twenty possible isomerides. 
Thymol and carvacrol merit notice. They occur in vegetable oils. 
Both are derivatives of ordinary p-cymol, and contain the iso-propyl 
group. 

Thjmiol, w’hen heated with P^O^, breaks down into propylene and 
m-cresol; while carvacrol, under similar treatment, )aelds propylene 
and o-cresol. 

Thymol = [3]-Methyl-[6]-iso-ptopyl phenol C3H,[6]C,H8 
Carvacrol=[2]-Methyl-[5]-iso-piopyl>phenol 

Thymol, melting at 44® and boiling at 230®, crystallises in large, 
colourless plates. It exists with c5anol C10H14, in oil of thyme (from 
Thymus vulgaris), and m the oils of Ptychotis ajowan and Monarda 
punctata. To obtain the thymol, shake these oils with potassium 
hydroxide, and from the filtered solution precipitate thymol with 
hydrochloric acid. It is artificially prepared from nitrocumin-aldehyde 
(q.v.), as well as from dibromo-menthone, by the splitting-off of hydrogen 
bromide (B. 29, 420). It has a thyme-like odour and answers as an 
antiseptic. 

Ordinary cymol is obtained by distilling it with P^Sj. Th5mio- 
quinone (q.v.) is produced in its oxidation. 

Iodine and caustic potash convert thymol into dl-iodo-dl-thymol, 
a diphenyl derivative which has been substituted for iodoform under 
the names aristol and annidalin. 

On the processes of iodination and bromination of th\miol, see 
C. 1903, 1. 766. 

Carvacrol, cymo-phenol, melting at 0® and boiling at 236®, isomeric 
with thymol, occurs already formed in the oil of certain varieties of 
satureja, also in Briganum hirtum, and is obtained from an isomeric 
carvol, a dihydro-cymol derivative (q,v.) contained in the oil of Carvum 
carvi, and certain other oils, when it is heated with glacial phosphoric 
acid (B. 19, 12). It is further prepared by heating camphor with 
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iodine (i part), using a return condenser. It is made artificially from 
cymol-sulphonic acid (B. 11 , 1060). 

Distillation with PaS, converts carvacrol into cymol 'and thlo- 
earvacrol C,oHi,.SH. 

s-Carvacrol (CH,)[3](CH,)jCH[5]C,H,[i]OH melts at 54° and boils 
at 241° (B. 27 , 2347). Methyl-p-norm.-propyl-phenol (CH,)[2]C,H, 
[ 5 ]C»H, 0 H, from the corresponding sulpho-acid, boils at 240° (B. 29 , 
R. 417). 

p-Tertiary butyl-phenol (CH,),C[4]C,H4[i]OH, melting at 98“ and 
boiling at 237°, is obtained from isobutyl alcohol, phenol, and zinc 
chloride (B. 24 , 2974). Oxidised with Mn04K, it gives trimethyl-pyro- 
racemic acid and trimethyl-acetic acid (A. 827 , 201). 

p-Tertiary amyl-phenol (CH,)a(CaH,)C[4]C,H4[i]OH, melting at 
93° and boiling at 266°, results from the action of ZnCla upon phenol and 
iso-amyl alcohol or tertiary amyl alcohol, and from iso-amylene, phenol, 
acetic acid, and sulphuric acid (B. 28 , 407). Oxidised with MnO^K, it 
gives dimethyl-ethyl-pyro-racemic acid and dimethyl-ethyl-acetic acid 
(A. 827 , 201). 

Diethyl-phenols, tetra-ethyl-phenol (B. 22 , 317 ; 82 , 2392). 

Tetramethyl-phenols (B. 15 , 1852 ; 17 , 1916 ; 18 , 2842 ; 21 , 645, 
907). 

Pentamethyl-phenolp m.p. 125°, b.p. 267® (B. 18, 1826). 

Derivatives of the Monohydric Phexols. 

The behaviour of the phenols was given under the example selected — 
ordinary phenol. Because this can be obtained with comparative ease, 
more derivatives of it, than of its homologues, have been prepared. 
In the following pages the derivatives of the homologues will only be 
brought forward and discussed in case they possess theoretical or 
practical value, and then in connection with the compounds of the 
corresponding phenol. 

Phenol-alcohol Ethers. — (i) Like the ethers of the aliphatic alcohols, 
they result from the interaction of alkyl iodides and phenates. The 
phenol is digested with caustic potash, and the alkyl iodide, or methyl 
chloride, is conducted over sodium phenate heated to 200® (B. 16 , 

2513)- 

(2) By heating a mixture of the alkali salts of the phenols with an 
excess of alkyl sulphates, in aqueous or alcoholic solution (B. 19 , R. 139), 

(3) Together with hydrocarbons on decomposing benzol-diazo- 
compounds with alcohols (B. 25 , 1973). 

(4) By heating phenyl-carbonic alkyl ester with elimination of CO,: 

CeHgOCOOCHa = C^UfiCH^+CO^ 

(B. 42 , 2237). 

(5) The phenols are converted at ordinary temperatures by diazo- 
methane, with evolution of nitrogen, into their methyl ethers (B. 28 , 

857) : 

C,H,OH-j-CH,N, = C,H,OCH,4-N,. 

Dimethyl sulphate (CH3),S04, p-toluol-sulphonic ester, and other 
bodies have been recommended as practical alkylators for phenols 
(A. 827 , 120 ; B. 27 , R. 955). 
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(6) By heating the phenol ethers of phenol-carboxylic adds with 
lime or baryta : 

CO,H[i]C,H4[4]OCH, C,H,OCI^ 

Anisic acid Anisol. 

Boiling with alkalies does not change the phenol ethers. Only 
after long heating with alcoholic potash to a high temperature does 
phenol form by disintegration (B. 84, 1812). The ethers of multi- 
valent phenols are partly saponified ; veratrol produces guajacol (C. 
1898, 1. 456). Heating with HI, HBr, or HCl breaks up most phenyl- 
alkyl ethers into their generators : 

C4H*0CH,-|-HI -- C,H 50 H 4 -CH,I. 

This easy detachment of CH,I and CjHjI, on heating phenol ethers 
with concentrated HI, may be used for the quantitative determination 
of the number of methoxyl or ethoxyl groups in a compound, the iodine 
compounds being converted into silver iodide in an alcoholic silver 
nitrate solution, and weighed (Zeisel, M. 6, 989 ; 7, 406). The phenol 
ethers are also decomposed by AljCl, (B. 25, 3531) ; PClj only chlorinates 
the nudeus (B. 28, R. 612). With Cl, Br, I, HNO„ and H,S04 the 
phenol ethers behave like aromatic hydrocarbons. 

Anisol, methyl-phenyl ether C4H,.O.CH4, is produced by distilling 
anisic or p-methyl-salicylic acid. It boils at 152° ; its specific gravity 
at 15® is 0-991. It is not reduced by zinc dust (C. 1904, 1. 1005). 

Phenetol, ethyl-phenyl ether (C4H4).O.C4H4, b.p. 172°, has the 
specific gravity 0-9822(0®). The iso-amyl ether boils at 225°. 

Bromethyl-phenyl ether BrCH,.CHj.O.C4H4 melts at 39° (J. i>r. Ch. 
2, 24, 242). 

Bromethenyl-phenyl ether BrCH ; CHOCjHj, b.p.j, 166®, from 
acetylene dibromide with potassium phenol ; when treated with alcoholic 
potash it gives phenoxy-acetylene C4HJ.OC = CH, b.p.„ 75®, an easily 
decomposed oil, which readily forms normal acetylene salts C4H4OC • 
CAg, (C,H40 CC),Cuj, C 4H40CCNa. 

Phenol-methylene ether CH4(OC4H4)4, m.p. 81®, b.p. 165® (B. 46 , 
2789). Phenol-ethylene ether, glyeol-diphenyl ether C4HgOCH4CH4 
OCjHj, m.p. 95®, is isomeric with phenol-acetol (C4HjO)4CHCHj, m.p. 
10®, b.p. 175®, obtained from potassium phenol, with idehyde chloride 
(C. T900, 1. 813). Glycol-monophenyl ether, b.p.gn 165® (B. 29, R. 289). 
Glyeerino-monophenyl ether CjHjOCHj.CHOH.CHjOH, m.p. 70®, 
is formed by heating phenol with glycerine and sodium acetate (M. 

/0\ 

29, 951), or by adding water to phenyl-glyddio ether c,h,och,ch — CH„ 
b.p. 242®, obtained besides glycerine-diphenyl ether, m.p. 82®, by trans- 
formation of sodium phenyl with epichloro-hydrin (C. 1908, 1. 2032 ; 
1910, I. 1134). 

Phenoxalkylamlnes.— )?-Phenoxethylamlnes NH4.CH,.CH..O.CH4, 
b.p. 228® (B. 24, 189). y-Phenoxy-propylamine NHj.CHj.CH,. 
CH,.0.C4H„ b.p. 241® (B. 24, 2637). 8-Phenoxy-batyi«nlne NH,CH, 
CH,CH,CH40C4H4, b.p. 255® (B. 24, 3232). 

Phenol ethers of aldehyde alcohols, ketone alcohols, and alcohol 
adds have been obtained from the corresponding chlorinated alde- 
hydes, ketones, and carboxylic acids, by the action of sodium phenate ; 
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Phenoxy-acetaldehyde CeH.O.CHa.CHO, b.p. 119® (30 mm.) (B. 
28 , R. 295). 

Phenoxy-acetone, phenacetol CeHjO.CHa.CO.CH,, b.p. 230*®, is con- 
densed by concentrated sulphuric acid to fnethyl cumarone (q.v.) (B. 28, 
1253 ; 86, 3553). 

Phenoxy-acetic acid CaH5O.CH2.COOH, m.p. 96®, is isomeric with 
mandelic acid CaH5CH(OH).COOH. It results from monochloracetic 
acid and potassium phenate at 150®, as well as from the oxidation of 
phenoxy-acetaldehyde. It is a strong antiseptic (B. 19 , 1296 ; 27 , 
2796). 

Phenoxy-acetyl chloride C^HjOCH^COCl, b.p.^o 169® (see B. 35 , 
3560). 

Diphenoxy-acetic acid (CaH50)2CHC02H, m.p. 91® (B. 27 , 2796). 
a- and y-Phenoxy-butyric acid melt at 99® and bo® (B. 29 , 1421). For 
homologous a-phenoxy-aliphatic acids, see B. 33 , 924, 1249. 

a-Phenoxy-aceto-acetic ester CH3.C0.CH(0CjH5)C02C2H6. from 
sodium phenate and a-chloraceto-acetic ester, is a thick oil. Con- 
centrated sulphuric acid condenses it to methyl-cumarUic ester. 
Phenoxy-fumaric ester C3H50C(C00R) : CHCO2R, irom sodium 
phenol and acetylene-dicarboxylic ester (C. 1900, II. 1210). 

Phenol Ethers.— Phenyl ether (CeH5)20, diphenyl oxide, melting 
at 28® and boiling at 252®, is produced by distilling copper benzoate 
(together with benzoic phenyl ether) and digesting diazo-benzol sul- 
phate \\dth phenol (B. 25 , 1973) ; also by heating phenol with zinc 
chloride to 350®, or, better, with aluminium chloride (B. 14 , 189). It 
crystallises in long needles, and possesses an odour resembling that of 
geraniums. It dissolves readily m'alcotiol and ether. It is not reduced 
on heating with zinc dust or hydriodic acid. 

Nitrated phenyl ethers have been obtained by the interaction of the 
corresponding nitro-haloid benzols and the potassium salts of phenols : 
o~N itro-phenyl ether CfiHj,O.C3H4NU2 boils at 235® (60 mm.). 0, 

nitro-phenol ether {^02 C ^^)^0 inclis at 114® (B. 29 , 1880, 2084 ; 
C. 1903, I. 634). 

Acid Esters of Phenol. — The actd tuers are obtained by acting with 
acid chlorides or anhydrides upon the phenols or then salts ; also by 
digesting the phenols with acids and POCI3. To effect the substitu- 
tion of il the hydroxyl-hydrogen atoms in the polyhydric phenols by 
acetyl groups, it is recommended to heat them with acetic anhydride 
and sodium acetate. On boiling with alkalies, or even with water, they, 
like all esters, break down into their components. 

Esters of Inorganic Acids. — PhenyUsulphonic ester is not known in 
a free state. Its sodium salt NaSOjOCeH^ results from the action of 
SO2 upon sodium phenate. Methyl iodide converts it into methyl-sul- 
phonic phenyl ester CH 3 SO 2 OC 3 H 3 (cp. B. 25, 1875). Sulphonic aryl 
ester salts are also formed from phenols with sodium disulphite ; they 
are distinguished for their reacting power ; in some, the OSOjNa 
group is replaced by NH, on heating with ammonia (C. 1901, II. 1136). 

Phenyl-sulphuric acid CjH^.O.SOgH is not known in a free state ; 
when liberated from its salts by concentrated hydrochloric acid, it im- 
mediately breaks down into phenol and sulphuric acid. Its potassium 
salt CgHg.O.SOgK forms flakes, not very soluble in cold water, and 
occurs in the urine of herbivorous animals, and also in that of man and 
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the dog after the ingestion of phenol. It is synthetically prepared, like 
other phenols, on heating potassium phenoxide with an aqueous solu- 
tion of potassium pjn:o-sulphate (B. 9 , 1715) ; also from phenol and 
chloro-sulphonic acid by means of p}aidin in CS, solution, and subse- 
q'lent treatment with KOH (C. 1901, 1 . 313). 

The phenyl-sulphuric acids are very stable in aqueous and alkaline 
solution ; upon digesting with mineral acids, however, they are ve^ 
rapi^y decompose. \^en potassium-phenyl sulphate is heated in 
a tube, it passes quietly into potassium-p-phenol sulphonate. 

Phenyl Esters of the Phosphoric Acids.— These arise in the action 
of PCI, and POCl, (A. 239 , 310 ; 253 , 120 ; B. 30 , 2369) ; 


Phenyl-phosphorous chloride 
Diphenyl-phosphorous chloride 
Triphenyl phosphite . 
Phenyl-phosphoric chloride 
Diphenyl-phosphoric chloride 
Triphenyl phosphate, m.p. 45® 


. C,H,O.PClg, 

. (C,H, 0 )gPCl, 

. (C,H, 0 ),P, 

. (CgH, 0 )POCl„ 
. (C«H, 0 )gPOCl, 

. (CgH,0)sP0, 


boils at 90® (ii mm.) 
** 172® M 

M 220® 

M I2I® 

195® (14 mm.) 

245® (II mm.) 


The last of these is best obtained by shaking up an alkaline phenol 
solution ^Aith phosphorus oxy-chloride. 

The two phenyl-phosphorous chlorides take up chlorine : 

Phenyl-phosphoric tetrachloride • • CgHfiOPCU 

Diphenyl-phosphoric trichloride . . (CgH60)2PClf 


On phenol sulpho-phosphates, e.g, triphenyl sulpho-phosphate 
{CeH, 0 ),PS, m.p. 53®, see B. 31 , 1094. 

Phenyl Silicates (B. 18 , 1679). 

Phenyl Esters of Monocarboxylic Acids, — Phenyl formate (/. pr. 
Ch. 2, 81 , 467). Phenyl-ortho-formic ester CH(O.CeH5), is formed by 
boiling phenol with sodium hydroxide and chloroform. It melts at 71® 
and distils at 265®, under 50 mm. pressure (B. 18 , 2656). 

Phenyl acetate CHj.COOCgH, boils at 195° (B. 18 , 1716). Ortho- 
acetic phenyi ester CH,C(OCgHg), melts at 98® (B. 24 , 3678). 

Phenyl Carbonates, — The free phenyl-carbonic acid is not known. 
The opposite is true of sodium-phenyl carbonate CgHgOCOaNa. It 
is produced when CO, acts upon sodium phenoxide (under pressure). 
It is a white hygroscopic powder, decomposed again by water. When 
heated under pressure to I20®-I30®, sodium salicylate HOC8H4COaNa 
results, just as phenol-sulphonic acid is obtained from phenyl-sulphuric 
acid (see above). When heated to 190® with sodium phenate, sodium- 
phenyl carbonate yields disodium salicylate and phenol (B. 88, 1375). 

Phenyl Carbonate. — The carbonic acid ester CO(O.CgH,), is pro- 
duced on heating phenol and phosgene gas COC4 to 150®. It is readily 
obtained by leading phosgene gas into the aqueous solution of sodium 
phenylate (/- pr, Ch. 17 , 139 ; B. 17 , 287). It crystallises from alcohol 
in shining needles, and melts at 78®. It yields sodium salicylate when 
heated to 200® with sodium hydroxide. Urea results if it be heated 
with ammonia (B. 28 , 694). 

Mixed carbonates containing phenol and alkyls — e.g, phenyl-ethyl 
carbonate C0|(C|H|)(C|H,) — are produced by the action of chloro- 
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formic esters upon the sodium salts of the phenols, or of alcohols upon 
chloro-formic phenyl ester, obtained from phosgene with phenols (C. 
1899, II. 825) ; they also form on heating phenyl carbonate with the 
alcohols in the presence of urea (C. 1898, II. 476). On heating, they 
split off CO2 and pass into phenol-alkyl ether (B. 42 , 2237). 

Diphenyl-thio-carbonic ester CeHgOCSOCeHg (B. 27 , 3410 ; C. 1906, 
II. 1760). Phenyl-carbaminate, phenyl-urethane, NH2COOC5H5, melts 
at 141° (B. 88, 51 ; A. 244 , 43). Phenyl-carbamic phenyl ester CgHg 
NHCOaCgHg, from carbanile and phenol, m.p. 124° (B. 18 , 875 ; 27 , 
1370). Dlphenyl-thlo-carbamle phenyl ester (CeHfi)2NCOOCeH5, m.p. 
105®, from diphenyl-urea chloride and phenol. Phenyl-carbaminle 
phenyl ester CgHgO.CSNHC^Hg, m.p. 148®, is produced on heating 
phenyl-mustard oil with phenol to 280® (B. 29 , R. 177). 

Phenyl-imido-carbonic phenyl ester CeHgN : C(OCgH5)2, m.p. 136®, 
is obtained from iso-cyano-phenyl chloride and sodium phenate 
(B. 28 , Q77). 

Phenyl-allophanic ester c H produced by conducting 

cyanic acid vapours into anhydrous phenol. A crystalline mass. 

Phenyl Esters of Dicarhoxylic Acids. — Phenyl - oxalle ester 
(COOCeH5)2, m.p. 136®, b.p.16 191'^ (B. 35 , 3437 )- MalonIc diphenyl 
ester, m.p. 50® (B. 35 , 3455). 

Ethyl-phenyl-oxalic ester COOC2H5.COOCgH5, b.p. 236®, is obtained 
from ethyl-oxalic chloride (Vol. I.). The succinic ester melts at 118® 
and boils at 330®. Phenyl-fumaric ester, m.p. 161®, decomposes when 
distilled slowly into COg, phenyl-cinnamic ester and stilbene {q.v.) 
(B. 18 , 1948). 

Phenol Substitution Products. 

HalogenphenolSr— ; — (i) Chlorine and bromine react 
readily with phenols ; this is exemplified in bromine precipitating phenol 
quantitatively from its aqueous solutions as [i 0H,2, 4, 6]-tribromo- 
phenol. Chlorine and bromine enter the ortho- and para-positions ; 
there result at first the [i, 2]- and [i, 4]-mono-, then the [i, 2, 4-] 
di-, and finally the [i, 2, 4, 6]-tri-substitution products. At i50®-i8o®, 
by action of chlorine or bromine vapours, abundant quantities of 
o-chloro- and o-bromo-phenol (B. 27 , R. 957) are produced. Sulphui vl 
chloride, which easily chlorinates the free phenols (but not their 
ethers), yields p-chloro-phenol (C. 1898, I. 1051). 

The iodo-derivatives are formed by adding iodine and iodic acid to 
a dilute potassium hydroxide solution of phenol (Kekule, A. 137 , 161) : 

5CeH,OH + 2 l 2 +I 03 H = 5CeHJ.0H+3H20, 
or by the action of iodine and mercuric oxide. Di-iodo-phenol is the 
chief product in the latter case. 

(2) In the phenol-sulphonic and phenol-carboxylic acids the action 
of chlorine and bromine leads to the replacement of the sulpho- and 
carboxyl groups in the o- and p-positions as phenyl hydrox}^ by halogens 
(B. 42 , 4361). 

(3) From substituted anilines, by the replacement of NH, by OH, 
which may be brought about by the diazo-compounds ; this reaction 
leads to pure mono-haloid phenols. (4) From the nitro-phenols by 

VOL. II. O 



194 


ORGANIC CHEMISTRY 


replacing the nitro-group with halogens (effected through the amido- 
and diazo-derivatives). (5) By distilling substituted oxy-acids with 
lime or bar5rta. 

Behaviour, — (i) The introduction of halogen atoms considerably 
increases the acid character of phenol ; thus, trichloro-phenol readily 
decomposes the alkaline carbonates. 

(2) When fused with potassium hydroxide, the halogen is replaced 
by the hydroxyl group. In this reaction it frequently happens, 
especially at high temperatures, that not the corresponding isomerides, 
but rather the more stable derivative, results ; for example, all the 
bromo-phenols >aeld resorcin. The caustic potash fusion is, therefore, 
not applicable in determining constitution. 

(3) Sodium amalgam causes the replacement of the halogen atoms 
by hydrogen. 

(4) By the action of HNOj upon bromine-substituted phenols the 
Br atoms, in o- or p-position to the hydroxyl, are easily replaced by 
nitroyl (/. pr. Ch. 2, 61 , 561 ; A. 333 , 346). 

Monohaloid Phenols. — The monochloro-phenols in particular are 
characterised by a disagreeable, very adherent odour. The bromo- 
and iodo-phenols, being attacked at a lower temperature than the 
chloro-derivatives, are changed, on fusing with potash, into the corre- 
sponding dioxy-benzols. The higher the temperature rises in the 
fusion of the o- and p-compounds, the greater will be the yield of 
resorcin or m-dioxy-benzol ; the three isomeric monochloro-phenols 
yield resorcin : 

Ortho- Meta- Para- 



Mp. 

Bp. 

M.p. 

B.p. 

M.p. 

B.p. 

Chloro-phenol 

r 

I 7 t>® 

28® 

212® 

41° 

217® 

Bromo-phenol 

liquid 

195° 


236° 

66 ® 

238® 

lodo-phenol 

43° 

• • 

40® 

• • 

94° 

• . 


See B. 29 , 997, 1409, 2595, for the iodo-anlsols and phenetols. 

Polyhaloid Phenols. — In the direct substitution the [2, 4]-di- and 
[2, 4, 6j-trihaloids are produced quite readily. On prolonged chlorina- 
tion of the phenols a tetrachl^rt^phenol is finally obtained (C. 1903, 
I. 232). As to the iodination of phenol, see C. 1901, I. 1004 ; 1902, 1 . 
638, 668. 


\2, 4] -Dichloro -phenol, m.p. 43*, b p 210® [a, 4, 6]-Tnchloro phenol, m p 68®, b.p. 244® 


[2, sJ-Dicbloro-pbenol, „ 58® 

[2, 4]-Dibromo phenol „ 40®, 

[2, 4] -Di'iodo -phenol, „ 7a®, 

[2, 3, 4, 6]-Tctrachloro ph , m.p. 
3, 4$ 6j*Tctrabromo ph., „ 


[a 4, 6] -Tnbromo -phenol, 
t* •• [2, 3, 5] -Tnbromo -phenol, 

„ .. fa, 4, 6j-Tn-ioclo-pheuol, 

[3* 5 f bJ-Tn-iodo phenol, 
70® (B 87 , 4013) Pcntachloro ph., 
120® (A. 137 , 209). Pentabromo-ph. 


92®, (B 39 , 4251) 

156® 

114® (C 1904, I. 266) 
186 (B. 28 , R. 130) 
225®. 


The silver salts of tribromo-phenol, as well as of some other poly- 
brominated phenols, exist in an unstable orange-red, and a stable 
white, modification. The cause of this allotropy is still unexplained 
(B. 40 , 4875). 

The tri-, tetra-, and pentachloro- and bromo-phenols take up 
chlorine and bromine, becoming chlorinated and brominated oxodi- 
and oxotetra-hydra-benzols, from which the halogen phenols are regen- 
erated by reduction (B. 37 , 4010). On further bromination tribromo- 
phenol gives bromine tribromo-pheiioi CeH^BriO, m.p. 148'' 302 , 
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133 ; C. 1902, II. 358), which is easily reconverted into tribromo* 
phenol, but is transposed into tetrabromo-phenol C,Br|H(OH) by 
concentrated SO4H2, and 3delds dibromo-quinone on digesting with 
lead acetate ; it must therefore be regarded as p^keto-dihydro-tetra- 
bromo-benzol (B. 83 , 675 ; C. 1902, 1 . 4^) : 




O ” Br 


0^0. 


HNO3 oxidises trichloro-phenol into dichloro-quinone (C. 1908, 
1. 1776). 

Nitro-phenols. 

The phenols, like the anilines, are very readily nitrated. The 
entrance of the nitro-groups increases their acid character very con- 
siderably. All nitro-phenols decompose alkaline carbonates (but see 
C. 1898, II. 596). 

Trinitro-phenol is a perfect acid in its behaviour ; its chloro- 
anhydride CjH2(N02)3Cl reacts quite readily with water, re-forming 
trinitro-phenol. The benzene nucleus of the nitro-phenols is capable 
of ready substitution wth the halogens ; whereas the nitro-hydro- 
carbons are chlorinated with difficulty. 

The nitro-groups replace the o- and p-hydrogen atoms referred to 
hydroxyl, and with reference to one another, in the m-position : 


C,H 50 H 



C.H4 


C.H. 


/[i]OH 

\[2]N0. 

/[i]OH 

\[4]N0, 


C.H 3 [2]N0, 
l[ 6 ]NO.| 
r[i]OH 
C.H, \ [2]N0, 

1[4]no,| 


C.H, 


|[2]N0, 
I [4]N0, 
U6]NO, 


While the colourless or faint-yellow free nitro-phenols are un- 
doubtedly true phenols, the intensely red or yellow salts of the nitro- 
phenols, as in the aliphatic nitro-compounds, are probably derivable 

from a hypothetical nitrous acid of the structure 0=C,H*=»N^°j^, 

which is designated as an aci-nitro-phenol form (B. 39 , 1084). Con- 
siderable support is given to this view by the observation that the 
ethers of the nitro-phenols exist in two isomeric series (B. 39 , 1073). 
Besides the colourless normal nitro-phenol ethers, the halogen alkyls, 
acting upon the silver salts of the nitro-phenols, produce very unstable 
ethers of a deep-red colour. These pass spontaneously into the 
colourless isomeric ethers, and are quickly saponified with water alone, 
with regeneration of the nitro-phenols. These unstable ethers corre- 
spond to the strongly coloured nitro-phenol salts, and probably also 

possess a quinoid structure; o=C,H,=Ns^°^^. Of the m-nitro- 

phenols only the normal, colourless ethers have hitherto been obtained, 
and this corresponds to the absence of m-quinones. 

Hononitro-phenols NOj.CjHj.OH. — Dilute nitric acid converts 
phenol into o- and p- mononitro-phenol (in the cold it is chiefly the 
p-compound which is formed). At —67°, with the use of the electric 
spark, there is five times as much of the p-body as at —40® (B. 26 , 
R. 362)- 
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The o and p-compounds arc separated by distillation with steam, 
in which the p-compound is not volatile. Phenol in presence of 
sulphuric acid is also nitrated by nitrogen dioxide (B. 24 , K. 722). 
o-Nitro-phenol is also obtained, together with a little of the para- 
body, from nitro-benzol on heating with dry potash ; or from the 
product of metallic sodium and nitro-benzol under a current of air. 

o- and p-Nitro-phenols are also obtained by heating the correspond- 
ing chloro- and bromo-nitro-benzols with caustic potash to 120®, 
whereas m-bromo-nitro-benzol does not react under similar circum- 
stances. Ortho- and para-nit ro-phenols are likewise produced from 
the corresponding nitranilines by heating with alkalies. m-Nitro- 
phenol is formed from m-nitraniline (from ordinary dinitro-benzol) by 
boiling the diazo-compound with dilute sulphuric acid. p-Nitro-phenol 
has also been obtained synthetically from nitro-malonic aldehyde with 
acetone. 

It is obtained from p-nitroso-phenol by oxidation with nitric acid 
(C. 1903, I. 144). o-Nitro-phenol is formed, besides polynitro-phenols, 
on the nitrogenation of benzene in the presence of mercury nitrate : 

o-Nitro-phenol, m.p. 45®, b.p. 214®; methyl ether, m.p.+9®, b.p. 265® 
m-Nitro-phenol, „ 96®, . . methyl ether, „ 38®, „ 254® 

p-Nitro-phenol, „ 114®, .. methyl ether, „ 48®, „ 260®. 

o- and m-Nitro-phenols form yellow crystals ; the latter is rather 
soluble in water. The o-body has a peculiar odour and sweet taste. 
Its sodium salt forms dark-red prisms. 

p-Nitro-phenol crystallises from hot water in long, colourless needles. 
The potassium salt crystallises in yellow needles with two molecules 
of water. 

With HgO or mercuric nitrate the nitro-phenols yield, in the first 
instance, the mercury salts of the phenols, (NOjCeH^Oj^Hg, which 
pass into mercuri-nitro-phenols, the Hg wandering to the nucleus. 
These easily form the intensely coloured mercuric anhydrides, probably 

derivable from the formula O : /o (B. 39 , 1105). By bromi- 

nation, the p-nitro-phenol passes into [i, OH, 2, 6, 4]-dlbromo-p-nitro- 
phenol, m.p. 141® ; [4, 6]-Ubromo-2-nitro-phenol, m.p. 117°, is formed 
from 2, 4, 6-tribromo-phenol with ethyl nitrite in alcoholic solution. 

Dinitro-phenols (N0,)2CeH30H. — a- or [i OH, 2, 4]-Dinitro-phenol, 
melting at 114®, and jS- or [i OH, 2, 6]-dinitro-phenol, melting at 64®, 
are produced in the nitration of phenol and of o-nitro-phenoL The 
a-compound can also be obtained from p-nitro-phenol, as well as 
from m-dinitro-benzol, by means of alkaline potassium ferricyanide. 
The a-methyl ether melts at 86®. It is transformed into [i NH*, 2, 4]- 
dinitraniline by heating with anunonia. 

The nitration of [i, 3]-nitro-phenol produces three isomeric dinitro- 
phenols, melting at 104®, 134®, and 141®. Further nitration produces 
irinitro-phenols and iriniiro-resorcin, 

Sym. dlnltro-phenelol CeH50[i]C«H4[3, 5](NO,)„ m.p. 96®, is 
obtained by the action of sodium ethylate upon trinitro-benzol (C. 1906, 

I. 833). 

Trinltro-phenob. — Pleric aeM C4H2(NO|),.OH, melting at 122®, 
is obtained by the nitration of phenol, of [i, 2]- and [i, 4]-nitro-phenol, 
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and of the two dinitro-phenols ; also, by the oxidation of sym- 
metrical trinitro-benzol with potassium ferricyanide. It is. therefore 
[i OH, 2, 4, 6]-trinitro-phenol. 

Picric acid is produced in the action of concentrated nitric acid 
upon various organic substances, like indigo, aniline, resins, silk, 
leather, and wool. 

History . — Woulfe found, in 1711, that nitric acid acting on indigo 
produced a liquid which coloured silk yellow. Welter, in 1799, first 
prepared pure picric acid by nitrating silk. It was called Welter's 
hitter. Liebig called it carbon-nitric acid, carhazotic acid. Dumas 
analysed it and called it picric acid, from Trticpos, bitter. Laurent, in 
1842, discovered it to be a derivative of phenol. 

Properties . — Picric acid crystallises from hot water and alcohol, in 
yellow flakes or prisms which possess a very bitter taste. It dissolves 
in 160 parts of cold water, and rather readily in hot water. Its solution 
imparts a beautiful yellow colour to silk and wool. It sublimes un- 
decomposed when carefully heated. 

Behaviour . — With many hydrocarbons, like benzene, naphthalene, 
and anthracene, picric acid forms beautiful crystalline derivatives, well 
adapted for the recognition and separation of the higher aromatic 
hydrocarbons. 

The action of PCI5 upon picric acid produces picryl chloride. On 
heating barium picrate in an aqueous solution of bleaching lime, chloro- 
picrin is formed (Vol. I.). 

Prussic acid is produced on boiling a solution of barium picrate with 
baryta water. Picric acid is converted by potassium cyanide into the 
potassium salt of Isopurpurlc or piero-cyaminle acid CgH4N50eK. It 
crystallises in brown flakes with green-gold lustre, and formerly appeared 
in commerce under the name Grinat soluble. It is no longer used. 
Isopurpurlc acid, liberated from its potassium salt by phosphoric acid, 
and of a deep-violet colour, possesses, according to its decomposition 
products, the constitution Cg[2, 6](CN)2[i, 3](N08),[4, 5j(OH)(NHOH). 
A behaviour towards KCN resembling that of picric acid is also shown 
by o, p- and o, o-dinitro-phenols and other polynitro-phenol derivatives 
(B. 87 , 1843, 4388 ; 88, 3538, 3938). 

Salts and Ethers, — ^The potassium salt, CeH2(N08)8.0K, crystallises 
in yellow needles, soluble in 260 parts of water at 15°. The sodium 
salt is soluble in 10 parts water at 15®, and is separated from its solution 
by sodium carbonate. The ammonium salt consists of beautiful large 
needles, and is applied in explosive mixtures. All the picrates 
explode very violently when heated or struck. 

The methyl ether of picric acid is produced in the nitration of anisol. 
It melts at 65®. The ethyl ether melts at 78°. 

j 3 -Trlnitro-phenol, melting at 96®, and y-trinitro-phenol, m.p. 117®, 
have been obtained from the dinitro-phenols resulting from the nitra- 
tion of m-nitro-phenol. 

Tetranitro-phenol, m.p. 130®, consists of golden-yellow needles. It 
is produced in the oxidation of diquinoyl-trioxime iq-v.). It is very 
explosive (B. 80 , 184). 

Tetranitro-anbol, m.p. 154® (C. 1904, 11 . 205). 

Nltro-eresob,— o-Mitro-p-eresol N08[2]CH8[4]C8H80H, m.p. 77®, 
and p-nltro-o-erasol, m.p. 118®, are prepared pure from the corre- 
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spending nitro-toluidins. The former is also easily obtained by nitro- 
genation of p-cresol carbonate, and saponification of the resultant 
compound (C. 1909, I. 965). By the action of fuming sulphuric acid it 
is split up with formation of acetyl-acrylic acid (B. 42 , 577). By 
further nitrogenation of the methyl ethers of o-nitro-p-cresol and 
p-nitro-o-cresol we obtain o-dinitro-compounds (B. 84 , 2238). Nitro- 
genation of o- and p-cresol easily yields dinitro-derivatives (B. 15 , 1858). 
Of these, the [2, 6]-dlnitro-p-cresol,m.p. 84°, has been used as an orange 
dye in the form of its sodium salt, called Victoria orange, or saffron 
substitute. Dinitro-o-cresol is used as an insecticide in the form of 
salt-solutions, more especially against caterpillars, under the name of 
Antinonnin (B. 27 , R. 316). Nitrogenation of m-cresol yields a 
trinltro-eresol (N02)8CeH(CH,)0H, m.p. 106°, also formed from nitro- 
coccus acid, and by nitrating thymol (C. 1901, II. 41 1). Tetranitro-m- 
cresol, m.p. 175° (C. 1908, I. 724). Nitro-xylenols, see B. 42 , 2917 ; 
C. 1904, II. 1213. 

Haloid Nitro-phenols. — Numerous representatives of this class have 
been obtained by the action of the halogens upon the nitro-phenols, 
or by the nitration of the haloid phenols. 

It is interesting to note that p-nitro-o-iodanisol CeH3[4]N02[2]I 
fiJOCHj has been prepared both in the nitration of o- as well as in 
that of p-iodanisol. In the latter case, therefore, a migration, or 
wandering, of the iodine atom in the nucleus has occurred (B. 29 , 997). 


Nitroso-compounds of the Phenols. 

The nitroso-phenols are made : (i) by the action of nitrous acid 
upon phenols (Baeyer, B. 7 , 964), when the monohydric phenols yield 
only mononitroso-compounds ; whereas dinitroso-derivatives are 
obtained from the dihydric meta-dioxy-benzols, like resorcin. 

(a) Nitrous acid, from alkali nitrite and dilute sulphuric acid or 
acetic acid, is allow^ed to act upon the phenols (B. 7 , 967 ; 8, 614) ; 
(b) by means of the nitrites of heavy metals, which are decomposed 
by the phenols themselves (B. 16 , 3080J ; (c) from nitrosyl-sulphuric 
acid HO.SOj.NO and phenols (A. 188 , 353 ; B. 21 , 429) ; (d) from 
amyl nitrite and sodium phenolates (B. 17 , 803). 

(2) Upon boiling p-nitroso-alkylamines, like nitroso-dimethyl- 
aniline (I. 163 ; II. 94) with alkalies : 

NO[4]CeH,[i]N(CH8)2+NaOH = 

(3) By the action of HCl hydroxylamine upon quinones in aqueous 
or alcoholic solution. Free hydroxylamine reduces the quinones to 
hydroquinones (B. 17 , 2061). This method favours the idea that the 
nitroso-phenols are quinone-monoximes (Goldschmidt, B. 17 , 801). 
Hence, three constitutional formulas have been brought forward for 
p-nitroso-phenol or quinone-monoxime (Quinones, q.v.) : 


and or C,H,/ ^ 

\NO ''N.OH N.OH 


p-Nitroso-phenol 


Quinoxime. 


o-Nltroso-phenol HO.CgH4[2]NO : as aniline is oxidised to nitroso- 
benzol, so o-anisidin is oxidis^ by Caro's acid to o-nitroso-anisol 
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CH30CeH4[2]N0, m.p. 103® ; on saponification with bisulphate, 
this yields the o-nitroso-phenol, the Na salt of which forms deep-red 
flakes (B. 85 , 3036). 

p-Nitroso-phenoI, quinone-monoxlme, crystallises from hot water in 
colourless, delicate needles, which readily brown on exposure, and from 
ether it separates in large greenish-brown flakes ; also by the action of 
nitroso-benzol and NaHO (B. 38 , 1954). It is soluble in water, alcohol, 
and ether, and imparts to ^em a bright-green colour. When heated, it 
melts with decomposition, and deflagrates at iio®-i20®. The sodium 
salt crystallises in red needles, containing two molecules of water of 
crystallisation. 

The methods of producing nitroso-phenol from phenol with nitrous 
acid, and from nitroso-dialkyl-anilines, argue for the nitroso-formula 
of the nitroso-phenols ; as does their oxidation to p-nitro-phenol with 
nitric acid or with an alkaline potassium ferricyanide solution. 

The quinoxime formula is supported by their formation from quinone 
with hydroxylamine hydrochloride, and the conversion into quino- 
dioxime, as well as by the formation of hypochlorous esters 
CeH4(0).N0Cl when acted upon by bleaching - lime (B. 19 , 280). 
Further, by the behaviour of the related nitroso-naphthols (q.v.), and 
finally the feeble basic character of the nitroso-phenols (B. 18 , 3198 ; 
19 , 280). Methylation of nitroso-phenol yields, not nitroso-anisol, 
but quinone-methoxime O : CeH4 : NOCH3, m.p. 83® ; p-nitroso-anisol 
CH30C3H4[4]N0, m.p. 23®, from p-anisidin, by oxidation with mono- 
persulphonic acid (Caro's acid), or from p-anisol-hydroxylamine with 
ferric chloride (B. 87 , 44). By dilute H2SO4 it is easily saponified 
into p-nitroso-phenol (B. 35 , 3034). 

Possibly the free nitroso-phenols have a quinone-oxime formula, 
while tlie salts are derivable from the nitroso-phenol formula (cp. 
B. 82 , 3101). 

The nitroso-phenols can be changed to nitroso-anilines. Hydro- 
chloric acid converts nitroso-phenol into dichloramido-phenol. With 
nitrous acid and with hydroxylamine it yields p-diazo-phenol : 

H 0 C,H 4 N 0 {HOC,H«N,OH) ► 0 : C,H, : N*. 

In a similar manner it forms azo-compounds with the amines. 
Phenyl^ydrazin reduces it very readily to amido-phenol (B. 29 , R. 294). 
On adding a little concentrated sulphuric acid to a mixture of nitroso- 
phenol and phenol, we obtain a dark-red coloration, which changes 
to dark blue upon adding caustic potash. 

Nitroso-m-cresol, m.p. 155® (B. 21, 729 ; C. 1900, 1 . 120). 

Nitroso-o-cresol, from o-cresol and toluquinone (q.v.) (B. 21 , 729), 
m.p. 134®. 

Nitroso-ihymol melts at 160® (B. 17 , 2061 ; A. 310 , 89). 

Amido-phenols. 

These result from the reduction of nitro- and nitroso-phenols, or 
the oxy-azo-compounds (B. 88, 2752). In the case of poly-nitrat^ 
phenols, ammonium sulphide occasions but a partial reduction ; tin 
and hydrochloric acid, however, efiect a complete reduction of the 
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nitro-groups. For special methods of formation, see m- and p-amido- 
phenol. 

Behaviour. — ^The free amido-phenols decompose quite easily, especi- 
ally in moist air on exposure to light. 

The amido-group considerably diminishes the acid character of the 
phenols. This class of derivatives no longer forms salts with alkalies, 
and only yields such compounds with the acids. 

Like the o-phenylene-diamines, the o-amiclo-phenols form hetero- 
cyclic derivatives with ease. These are anhydro-bases ; the benzox- 
azoles, corresponding to the benzimide-azoles, are similar bodies obtained 
from the o-amido-thio-phenols. 

o-Amldo-phenol NH2[2]CjH4[i]OH, m.p. 170®, dissolves with diffi- 
culty in water. o-Anisidin NH2[2]C,H4[i]OCH3, b.p. 218®. 

o-Imido-diphenyl oxide, phenoxazin will be de- 

scribed together with thio-diphenyl-amine, hydro-phenazin, and phena- 
zin under the heterocyclic compoimds (cp. also p}To-catechol). 

Methylation of the Amido-group of o-Amido-phenol (B. 23 , 246).— 
When o-amido-phenol in methyl alcohol is treated with methyl iodide 
and caustic potash, and later with hydrogen iodide, there results the 
iodide of an ammonium base, which moist silver oxide changes to the 
ammonium hydroxide. The latter loses water at 105°, and changes 
to a cyclic ammonium derivative similar to betain : o-trimethyl- 
ammonium-phenol, which, heated to higher temperatures, rearranges 
itself into o-dimethyI-anisidine« The h3’drochloride of the ammonium 
base breaks down upon distillation into methyl chloride and o-dl- 
methyl-amido-phenol, rn.p. 45® : 


. „ /[i1N(CH3)8C1 ^ 

o-Hydroxvpht*nyl tnme- 
thylammonium chloride 

u-Dimethyl amido-phenol 


_ / [i]N(CH3),OH _ 

*“■ l[2lOH 

o-} I ytirox^’phenyltrimethy- 
lamnionium hydroxide 


/[l]N(CH,), 

, o-Trimethyl-ammo- 
I nium-phenol 

\ [2]0CH, 
0 -Dimetbyl-anisidin. 


o-Methyl-amido-phenol CH3NH[2]C8H4[i]OH, from o-methyl-anlsi- 

din C5H4(NHCH8 )OCHj„ with HCl. Its sulphate, mixed with hydro- 
quinone, is sold as a photographic developer under the name ortol " 
(B. 32 , 3514) ; see also Metol (C. 1903, I. 1129). 

0-Oxethyl-anisidin HO.CH2CH2.NHr2]CeH4[i]OCH3, from o-anisi- 
din and ethylene-chloro-hydrin, b.p. 305®. 

o-Formyl-amido-pbenol CHO.NHC3H4OH, m.p. 129®, from o-amido- 
phenol with formic acid. Also, besides anihranile, from o-amido- 
benzaldehyde by oxidation with Caro's acid, probably by transposition 
of o-hydroxylamine-benzaldehyde CHO.C3H4.NHOH. On heating 
to i6o®-I 70° it passes into benzoxazol (B. 36 , 2042). For acylated 
o-amido-phenols, see C. 1907, I. 806. 

o-Oxy-phenyl-urethane COOC3H3.NH[2]C3H4[i]OH, m.p. 86®, is 
formed by the reduction of o-nitro-phenyl-ethyl carbonate by trans- 
position of the first product, viz. o-amido-phenyl-ethyl carbonate 
NH2[2jC3H4[i jO.COOCjHj. Chlorohydrate, m.p. 151® (C. 1900, 1. 413 ; 
1904, II, 94, ^5). This transformation of the O-acyl compounds of 
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the o-amido-phenols into the isomeric N-acyl compounds is quite a 
general reaction. It is so straightforward that the 0 -acyl-o-amido« 
phenols can usually not be obtained (cp. the similar transformations in 
the o-oxy-benzylamines and o-amido-benzyl alcohols, A. 882 , 159 ; 
864 , 147). 

o-Oxy-phenyl-urea NH,C0NH[2]CeH4ri]0H, m.p. 154®. o-Oxy- 
phenyl-thiurea NHjCSNH[2]C4H4[i]OH, m.p. 161°. 

o-Oxy-dlphenyl-amlne OH[2]C4H4[i]NHC4H4, m.p. 70®, produced 
by the action of acetyl and benzoyl peroxide upon diphenyl-amine 
(B. 42 , 4003). 

The Condensations of the o-Amido-phenols.->(i) Benzoxazoles result 
by the union of o-amido-phenol with carboxylic acids ; thus, with 
acetic acid the product is a-methyl-benzoxazole. (2) With phosgene it 
is fA-oxy^henzoxazole, or caroonyUamido-^henoL The latter body is also 
produced upon heating o-oxy-pheny 1 -urea (see above). (3) On heating, 
o-oxy-phenyl-thiurea yields o-oxy-phenyUmustard oil. (4) o-Oxy-ethyl- 
anisidine, when heated with hydrochloric acid, becomes pheno-mor- 
pholine (qjv.). (5) Oxidants convert o-amido-phenol into oxy-phenoxazin 
iq.v.). o-Amido-phenol and pyro-catechol condense to phenoxazin 
{q.v.). 


C.H.{ 

C.H.{ 

C.H4{ 

C.H4{ 


[1] OH 

[2] NH, 


CH,CO,H 


C.H4 


COCl, 


-»C.H4 


[ilOH — NH, 

r2]NHCSNH, ^ 

[1] OCH, OH HCl 

[2] NHCH,CH, ■* 

[1] OH _o_ 

[2] NH, ^ 


/i-Methyl-benzoxazol or 
\ [ 2 ]N y' * Ethenyl-amido-phenol 

QTT ^-Oxy-benzoxazol- or 

Carbonyl-amido-phenol 
/[i]0\pQu l^-Thiolbeni-oxazole 
\ or Oxy-phenyl- mustard oil 

r[,]_o_[iT> rpH. Oxy- 

\[ 2 ]— N = [ 5 lO phenoxazin. 


m-Amido-phenoI, m.p. 122®, is obtained from m-nitro-phenol (B. 11, 
2101), from theoxamic acid derivative of m-phenylene-diamine (B. 28 , 
R. 30) ; by melting up metanilir acid with caustic soda (B. 82 , 2112), 
and by heating resorcin to 200® with anunonium chloride and aqueous 
ammonia. 

Monoalky l-m-amido-phenols (B. 27 , R. 953 ; 22 , R. 622). — Dlmethyl- 
m-amido-phenol melts at 87® ; diethyl-m-amido-phenol boils about 280®. 
m- Amido-phenol and its alkyl derivatives are employed in the prepara- 
tion of rhodamine dyes. 

Consult B. 29 , 501, for the action of phosgene upon the alkyl m- 
amido-phenols. Trimethyl-m-amido-phenol C4H4[i]OH [3]N (CHjjgOH, 
see B. 29 , 1533. 

p-Amido-phenoI melts at 184® with decomposition, and sublimes. 
It results (i) from p-nitro-phenol ; (2) from j3-phenyl-hydroxylamine ; 
(3) by the action of the electric current upon nitro-benzol in strong 
sulphuric acid solution ; its formation here is due to the rearrangement 
of the jS-phenyl-hydroxylamine produced at first ; (4) from [5]-amido- 
salicylic acid by elimination of CO, ; (5) by heating p-chloro-phenol 
with ammonia in the presence of copper (C. IQ09, I. 600). By 
oxidation with silver oxide it 3delds quinone mono imine. 

It is oxidised to quinone by chromic acid, or by PbO^ and sulphuric 
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acid. Bleaching-lime converts it, as well as its substitution products, 
into quinone chlorimides. p-Amido-phenol acts the same, and just as 
readily, as phenyl-hydrazin up)on aldehydes and ketones in dilute acetic 
acid (B. 27 , 3005). Ethers of p-amido-phenetol are produced by re- 
duction of p-nitro-phenol ether (B. 84 , 1935), as well as by the trans- 
position of j8-phenyl-hydroxylamine with alcoholic H2SO4 (B. 88, 
3602). Methyl ether, p-anisidin, m.p. 56°, b.p. 246®. 

p-Amido-phenetol, p-phenetidine NH2[4]C4H4[i]OC2H2 is the ethyl 
ether. It boils at 242®. Boiling glacial acetic acid converts it into 

p-aeetamldo-phenetol phenacetin, melting at 135®, 

which has been applied as an antipyretic. 

The splitting up of phenacetin by 80 to 90 per cent, sulphuric acid 
into acetic ether and p-amido-phenol is worthy of note (A. 309 , 233). 
On prolonged boiling with excess of acetic anhydride (B. 31 , 2788), 
phenacetin is converted into diacetyUphenetidin (CH3C0)2NC3H40C2H5, 
ni-P* 54°. b.p.i2 182®, which has an action similar to phenacetin, as 
has also p-ethoxy-phenyl-succinimide, pyrantin (CH2C0)2NC4H40C2H5, 
melting at 155®, which, it is claimed, does not have the unpleasant action 
or after-effects peculiar to phenacetin (B 29 , 84). p-Phenetol-carba- 
mide, dulcin,*' NH2CO.NH[4]CeH4[i]OC2H5 (B. 28 , R. 78, 83), has a 
very sweet taste. 

m-Oxy-diphenyl-amine C4H4NHf3]C4H4[i]OH, melting at 82® and 
boiling at 340®, and p-oxy-diphenyl-amine, melting at 70® and boiling at 
330®, are formed on heating resorcin and hydroquinone with aniline 
and zinc chloride (B. 22 , 2909). For homologues, see C. 1902, I. 578. 
P2-Dioxy-dipheny 1 -amine NH(C4H4[4]OH)2, m.p. 174®, is obtained from 
hydroquinone by heating with ammonia or with p-amido-phenol (B. 32 , 
689). The oxy-dipheny 1 -amines are closely related to the indo-phenol 
dyes (see Quinones). p2-Amido-oxy-diphenyl-amine NH2C4H4NHC4H4 
OH, m.p. 166®, is formed by the reduction of the corresponding nitro- 
compound (B. 42 , 1080) or by oxidation of a mixture of p-phenylene- 
diamine and phenol with hypochlorite in the presence of copper salts 
(C. 1909, I. 115). The solution of p amido-p-oxy-diphenyl-amine in 
^kalies soon acquires a blue colour with the formation of indamine. 
P2-dimethyl-amido-oxy-diphenyI-amine N(CH3)2C2H4NHC4H40H, m.p. 
161°, see B. 35 , 3085. 

Diamido-phenols. — [ 2 , 4 ]-Diamido-phenol (NHg) 2[2, 4]C4H8[i]OH 
is obtained from [2, 4]-dinitro-phenol, and by the electrolytic reduction 
of m-dinitro-benzol or m-nitro-aniline in sulphuric acid (B. 26 , 1848). 
The free base is very unstable, and its salts have been used as developers 
in photography under the name amidol. 4, 5- and 2, 5-Diamido-phenols 
are formed from the nitro-amido-phenols obtained by the action of 
H2SO4 upon the o- and p-nitro-diazo-imides (B. 80 , 2096 ; 81 , 2403). 

m-Anllido^p-phonitidili C,H4NH[3]C4H2/p]?^ •; see Hydrazin phenols 

Wt4jWxli 

for its formation. 

Pieramic aeid, [ 2 ]-amido-[ 8 , 4 ]-dlnitro-phenoI C 2 H 2 (NH 2 ).(N 02 )t. 

OH, is obtained by the reduction of picric acid with alcoholic Am^SK 
or with sodium hydrosulphite. (For further dinitro-p-amido-phenols, 
see B. 88, 1593.) It forms red needles, which melt at 165®. 

[ 2 , 4 , Sj-Trlamldo-plieiiol CfH 2 (NH 2 ) 2 . 0 H is obtain^ from picric 



DIAZO-PHENOLS 


203 


acid by the action of phosphorus iodide, or by tin and hydrochloric acid 
(B. 16 , 2400). When set free from its s^ts, it decomposes very quickly. 
Its salts, with three equivalents of acids, crystallise well. The Hl-ssdt, 
CeH,0(NHa)8.3HI, crystallises in colourless needles. These salts colour 
water which is faintly alkaline, and even spring water, a beautiful blue. 
If ferric chloride be added to the solution of the hydrochtoride, it will 
become deep blue in colour, and brown-blue needles with metallic 
lustre will separate ; they are HCl-antido-di-imido-phenol, or diamido- 
quinone-imine, which dissolves in water with a beautiful blue colour. 

An isomeric triamido-phenol has been prepared by reducing di- 
quinoyl- trioxime (B. 30 , 183). 

[ 2 , 8 , 4 , 6]-Tetramido-anlsol (NH8)4QHOCH, (B. 25 , 282). 

Diazo-phenols. — Phenol-diazo-chlorides HO.CeH4NaCl result from 
the action of nitrous acid upon the hydrochlorides of the amido- 
phenols. 

The polyhalogenated, nitrated or sulphonated diazonium salts of 
weak acids, easily give diazophenols by replacement of an o- or p- halogen, 
nitro- or sulpho- group by hydronyl (B. 36 , 2069 ; 39, 79 ; C. 1903, I. 
393 I II- 1785)- The free diazo-hydrates of the o- and p-amido- 

phenols anhydrate themselves, the yellow, so-called quinone diazides 
being generated, probably by a transposition into the quinoid form 
(cp Vol. I., Diazo-inethane, and B. 36 , 888) : 

JJ^C,H«=0 5J)>C.H.C1.=0 g)>C.H,(K0.)=0. 

p-Diazo-phenol cyanide HO[4jCgH4N2.CN, from the action of 
potassium cyaiiide on the chloride, consists of yellow needles. Caustic 
potash saponifies it to the potassium salt of diazo-phenol-carboxylic 
acid HO.CeH4N2COOH. 

Dibromo-diazo-phenol Br2[4, 6]C4H2(: 0)(: N2)[i, 2], orange prisms, 
m.p. 130° with decomposition (B. 39 , 4248). 

Dibromo-phenol-diazo-sulphonic acid C4H2Br2(0H)N2S03H-f 2H2O 
can be isolated from its potassium salt produced from the interaction 
of potassium sulphite and dibromo-phenol-diazo-chloride. 

p - Phenol - diazo - mercaptan hydrosulphide C4H4(OH).N2SH.SH2, 
from the action of hydrogen sulphide upon diazo-phenol solutions, con- 
sists of red needles melting at 75® with decomposition (B. 28 , 3250). 

p-Oxy-diazo-benzol-imideOH[i]C2H4[4]N3, m.p. about 20®, explodes 
at 150®. From p-amido-phenol with nitrous acid. The potassium com- 
pound exists in two forms, one colourless, the other blue, easily con- 
vertible into each other. Both yield the same benzoyl compound, of 
m.p. 81®, which is also obtained from benzoyl-p-amido-phenol with 
nitrous acid (C. 1907, II. 247). 

Azoxy-phenols.— p-Oxy-azoxy-benzol CeH3(N20)CeH4[4]0H, m.p. 
156®, is obtained by the combination of p-nitroso-phenol with ) 3 -phenyl- 
hydroxylamine and elimination of water ; it also forms on the action 
of sodium hydroxide upon nitroso-benzol at 100®, which also produces 
two isomeric o-oxy-azoxy-benzols, m.p. 76® and 108® respectively. 
Oxidation with permanganate disintegrates the oxy-azoxy-benzols to 
potassium iso-diazo-benzol : 


(B. 86, 1614). 


CeH3N20K 



204 


ORGANIC CHEMISTRY 


Aio-phenols, Oxy-aio-beniols. — Fortnatim (i) From diazo-salts 
and monohydric phenols, m-dioxy-benzols, m-amido-phenols, and 
m-phenol-sulphonic acids : 

C.H,N,.NO,+CeH.OH - C.H«N : N[i]C,H4[4]OH. 

The solution of the diazo-salt is allowed to run into the alkaline 
phenol solution while cooling and stirring. Phenol azo-benzene, 2. 4-di 
(phenol azo) benzene or 2. 4. 6-tri (phenol azo) benzene is produced, 
according to the conditions. 

As with the amido-azo-compounds, the entering diazo-group ar- 
ranges itself in the phenols in the p-position, and when this is already 
occupied it takes the o-position with reference to the hydroxyl group 
(B. 17 , 1876 ; 21 , R. 814). 

Intermediate products have been sometimes isolated in this reaction 
in the form of the so-called o-azo-compounds (diazo-oxy-benzols), 
corresponding to the diazo-amido-compounds, which, however, trans- 
pose themselves with even greater ease into the isomeric oxy-azo-com- 
pounds (B. 41 , 4016, 4304) : 

CeH.O.N : N.CeH^ CeH^N : N.CeH 40 H. 

(2) By heating the diazo-amido-benzols with monohydric phenols, 
and also with resorcin (B. 20 , 372, 904, 1577) : 

CeH5.N,.NH.C4H4+CeH5.0H = C4H5.N,.CeH4.0H-t-CeH5.NH*. 

(3) By the molecular rearrangement induced by heating azoxy- 
benzols with sulphuric acid (B. 14 , 2617) : 

^ C,H.N,.C.H..OH 

Azoxy-benzol Ox y -azo-benzol. 

{4) By reduction of the mtro-phenols in alcoholic potassium hydrox- 
ide solution. 

(5) B}' the action of anilines upon nitroso-phenols. 

(6) From amido-azo-benzols and from azo-benzol-sulphonic acids. 

Constitution. — The oxy-azo-compounds, containing hydroxyl in the 

ortho-position to the azo-group, are probably quinone-hydrazones : 

; nc,H, : NNHC.H, 

Oxy- azo-benzol Quinone-phenyl-hydrazone. 

Quinone-phenyl-hydrazone itself is not obtained by condensation 
of benzo-quinone, since the quinone is reduced by phenyl-hydrazin, 
but the monophenyl-hydrazins of quinone have been obtained with 
o-nitro- and o-, p-dinitro-phenyl-hydrazin. The latter have proved 
themselves to be identical with the nitro-oxy-azo-compounds obtained 
by coupling diazotated o-nitro- and o-, p-dinitro-aniUne with phenol 
(A. 867 , 171 ; see also Naphtho-quinone-hydrazones) : 

« fWO H,N.NHC.H*NO, ^ „ /[l]N : NC,H 4 NO, aN:NC,H4NO, ^ 
^•^n[4]0 ^ ^•^nt4]OH C,H,OH. 

Unsym. acetyl- and benzoyl-phenyl-hydrazin also yield n-acylated 
quinone-phcnyl-faydrazones with quinone, and these, on saponification, 
pass into p-oxy-azo-benzol. They are isomeric with the o-acyl-oxy- 
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azo-benzols obtained by acetylation or benzoylation of oxy-azo-bcnzol 
(C. 1900, 1 . 30). 

Of special importance for deciding the question of the constitution 
of the oxy-azo-compounds is the observation that the N-acylated p- 
quinone-phenyl-hydrazones are transposed with great facility into the 
isomeric 0 -acylated oxy-azo-benzols (B. 40 , 1432) : 


. „ /[I] : N.N(C0CH8)C.H, /[i]N : NC,H 

^ W[4] : O [4]0(C0CH3) 


The tendency to pass into true azo-compounds is so great among 
the o-quinones that the isomeric N-acylated o-quinone-phenyl-hydra- 
zones have not been obtained at all up to the present time (B. 40 , 
2154 ; A. 359,353 ; but cp. C. 1909, 1 . 1093). On account of this easy 
conversion of derivatives of quinone-phenyl-hydrazone into those of 
oxy-azo-benzol, we are justified in regarding the free o- and p-oxy-azo- 
compounds as true azo-compounds. This is in agreement with the 
tact that the m-oxy-azo-benzol (see below), which, on account of the 
non-existence of m-quinones, cannot be formulated as a quinone-phenyl- 
hydrazone, closely corresponds in its behaviour to o- and p-oxy-azo- 
bcnzol (B. 36 , 4118). With phenyl cyanate, o- and p-oxy-azo-benzol 

combine to 0 -carbanilido-derivatives, (B. 38 , 1098). 

The total or partial insolubility of oxy-azo-compounds in alkalies, 
which was regarded as a special argument in favour of their 
quinone structure, finds its analogy in the similar behaviour of the 
phenyl-hydrazones of the o-phenol-aldehydes and ketones (B. 35 , 4100 ; 
C. 108, II. 30b). 

p-Oxy-azo-benzol, benzol-p-azo-phenol CeH5N=N[i]CeH4[4]OH, 
m.p. 148°, crystallises in orange-yellow needles. It is produced by the 
methods mentioned in connection with oxy-azo-derivatives ; treated 
with phosphorus pentachloride, and then with water, it is converted 
into the phosphoric ester PO(OCeH4N2C3H5)3, m.p. 148® (B. 24 , 365 ; 
cp. 35 , 1622). Benzol-p-azo-phenetol, m.p. 77® (B. 25 , 994). p-Azo- 
phenol HO[4]C3H4[i]N2[i]CeH4[4]OH, m.p. 204®, consists of light- 
brown crystals. It is produced : 

(1) By fusing p-nitro- and nitroso-phenol with caustic alkali. 

(2) By the pairing of diazo-benzol nitrate with phenol. 

(3) From p-oxy-azo-benzol-sulphonic acid (B. 15 , 3037). 

o-Oxy-azo-benzol, m.p. 83®, is volatile with water vapour, therein 

contrasting with the p-derivative ; it is formed beside the p-oxy-azo- 
benzol in small quantities from benzol-diazonium salts with phenol 
(B. 33 , 3189) ; also by transposition of azoxy-benzol (C. 1903, I. 324, 
1082) ; and partly by the action of NaHO upon nitroso-benzol (B. 33 , 
1939). Its methyl ether, benzol-azo-o-anisol, m.p. 41®, obtained 
synthetically from o-anisidin and nitroso-benzol, also yields with 
AljCle o-oxy-azo-benzol (B. 33 , 3190). 

m-Oxy-azo-benzol, m.p. ii4®-ii7®, canary-yellow cr>^stals, is 
formed by the coupling of o-amido-phenetol with diazo-benzol chloride, 
with splitting off of the amido-group, and saponification of the resulting 
benzol-azo-m-phenetol, m.p. 64®, with AI1CI4 (B. 36 , 4102) : 




[x]OC.H, 

[a]NH, 


[i]OC,H. 


C,H, [a]Nh. 

^C53N:NC,H, 


C,H,{ 


[x]OC.H. 

(5]NiNC,H, 




13JN:NCA 
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mm'-Dloxy-azo-bensol, m-azo-phenol, m.p. 205®, is formed by 
fusing m«nitro-phenol with caustic potash (B. 39 , 303). It has also 
been prepared from m-azo-aniline, by means of diazo-compounds, 
and from m-nitro-phenol by electrolytic reduction (C. 1902, II. 1182 ; 
1903, I. 1221). 

Concerning azo- and diazo-compounds of cresol, see B. 17, 351. 

The sulpho-acids of the oxy-azo-benzols are dyes — e.g, p-sulpho- 
benzol-p-azo-phenol S03H[4]C^H4[i]N=N[2]CgH4[4]0H. from p-oxy- 
azo-benzol and sulphuric acid, and from p-diazo-benzol-sulphonic 
acid by means of sodium phenate, is the tropceohne yellow of commerce 
(B. 11, 2192). Also compare resorcin. 

Pbenol-2, 4-dis-azo-benzol OH[i]CeH3[2, 4](N : NCeH5)2. m.p. 123° 
(C. 1904, II. 96), and phenol-2, 4, 6-tris-azo-benzol OH[i]C3H2r2. 4, 6] 
(N : NT3H5)3, m.p. 215®, are formed by coupling phenol with 2, or 3. 
molecules of diazo-benzol chloride in alkaline solution. Tin and HCl 
reduce phenol-tris-azo-benzol to 2, 4, 6-tri-amido-phenol (/. pr. Ch, 2, 
78, 384). 

Hydrazo-phenols. 


m - Oxy - hydrazo - benzol OH[i]CeH4[3]NH.NHCeH5, colourless 
needles, m.p. 126®, is obtained by reduction of m-oxy-azo-benzol 
with zinc dust and glacial acetic acid (B. 36 , 4112). Mineral acids 
transpose it into m-oxy-benzidin. m-Oxy-hydrazo-benzol is the only 
known free oxy-hydrazo-compound, since o- and p-oxy-azo-benzol, 
on reduction, decompose at once into aniline and o- or p-amido- 
phenol respectively. But the alkyl ethers of the oxy-azo-benzols 
may be reduced to the benzol-o- and p-hydrazo-phenol ethers. Benzol 
p-hydrazo-phenol ethers undergo, with stannous chloride and HCl, 
the semidin transposition. Thus, benzol-p-hydrazo-phenetol passes 
into m-ethox}^-o-amido-diphenyl-amine (B. 27 , 2700 ; 28 , R. 753 ; 
29 , 2680) : 

C,H,NHNH[i]C,H,[ 4]OC,H, ► j } C,H3[5]OC,H,. 


The free hydrazin-phenoL are very unstable. o-Hydrazin-anisol 
NH2NH[2]C3H4ri]OCH3, m.p. 43®, b.p. 240®, see A. 221 , 314. 

Sulphonic Acids of Phenol. — ^The sulphonation of phenol proceeds 
with the replacement of the o- and p-hydrogen atoms, just as in the 
nitration process (the sulpho-groups enter the meta-position with 
reference to one another) : 


C.HjOH 



C,H, 


r[i]OH 

1[2]SQ3H-^ 


C,H,/tOOH I 
‘ 1 [ 4 ]SQ,H-' 


C,H3{[2]S0,H 

1[4]S03H 


C.H, 


( 

'( 


[1] OH 

[2] S03H 
UlSQaH 
[6]SOiH 


0- and p-Phenol-sulphonic acids are formed when phenol dissolves 
in concentrated sulphuric acid ; at medium temperatures the former 
is the more abundant, but readily passes into the para- on the applica- 
tion of heat, or even upon boiling with water. This change is due to 
the fact that o-phenol-sulphonic acid easily sheds its sulpho-group 
with regeneration of phenol, which then forms p-phenol-sulphonic acid 
under the influence of sulphuric acid. o-Phenetol-sulphonic acid is 
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^st as easfly changed to the p-acid by heating it to 100® (F>. 27, 

The separation of o- and p-phenol-sulphonic acid succeeds through 
the crystallisation of its mono-barium salts, the barium ortho-salt 
(CaH4(OH)SO,)aBa+HaO crystallising first in coarse needles of the 
rhombic system. The p-acid is best obtained from the mother-liquor, 
as in the magnesium salt (CeH4(OH)SO,)aMg-! 8H2O, large rhombic 
columns (B. 40, 3637). The p-acid is also formed by transposition of 
phenyl-sulphuric acid. 

The free acids can be obtained in crystalline form by the slow 
evaporation of their aqueous solution. The aqueous solution of the 
ortho-acid is applied as an antiseptic under the name of aseptol (B. 18, 
R. 506). The para-acid yields quinone if its sodium salts be oxidised 
with MnOj and sulphuric acid. When the ortho-acid is fused with 
KOH at 310® it yields pyrocatechin or o-dioxy-bcnzol ; the para-acid 
does not react at 320®, and at higher temperatures yields diphenols 
(see Diphenyl). 

The action of nitric acid leads easily to the replacement of the 
sulpho-group by the nitro-group. 

With PCI5 the phenol-sulphonic acids give, in the first place, the 
phosphor-oxy-chloride derivative of the phenol-sulphonyl chlorides, 
which, on heating to 180® with PCI5, are converted into those of the 
chloro-phenols. On further heating of the latter with PCI5, we get 
chloro-benzols : 


C4H4 


rrilOH 

Wf 4 jS 03 K 


C,H.{ 


[ilOPOCl, 

[4jSO,Cl 


r H /[iJOPOCl, 
lUjCl 


C0H4 


r[i]ci 

iL4,cr 


These reactions may be used to determine the location of the 
sulphoxyl (B. 6, 943 ; A. 858, 92). If phenyl-sulphonyl chlorides are 
required for reactions, it is best to acetylate the potassium-phenol 
sulphonates, then to prepare the acetyl-phenol-sulphonyl chlorides, 
and finally to remove the acetyl (Anschutz). 

From acetyl-phenol-o-sulphonile chloride we obtain, by the action 
of ammonia, or. better, of diethyl-amine in ethenc solution, and with 
shedding of the acetyl-chlonde constituents, phenylene-sulphonylide 

co'^®sponding to salicylide, as 

suggested by the name. 

lodination of para-sulphomc acid yields [2, BJ-dl-iodo-p-phenol- 
sulphonic acid CjH2l2(OH).SOaH, which is used as an antiseptic under 
the name sozo-jodol (B. 21, R. 250). 

Heta-phenol-sulphonic acid [1, 8] is produced when meta-benzol- 
disulphonic acid is heated to i70®-i8o® with aqueous potassium 
hydroxide (B. 9, 969). The free add contains two molecules of H^O. 
Fusion with potassium hydroxide at 250® converts it into resorcin [i, 3J. 
When para-benzol-disulphonic acid is heated with caustic ikali, 
meta-phenol-sulphonic acid is also produced at first, but it yidds 
resorcin later. 

Phenol-[2, 4]-dlsuIph0Die acid results from the action of an excess 
ot sulphuric acid upon phenol, also upon [i, 2]- and [i, 4j-phenol- 
sulphonic acid. The solutions of the acid and its salts are coloured a 
dark red by ferric chloride. 
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Phenol»[2, 4, 6]-trisuIphoiile aeid is obtained when concentrated 
sulphuric acid and act upon phenol. It crystallises in thick 
prisms with 3jH,0. 

Nitro-phenol-sulphonic adds, see /. pr Ch, 2, 78 , 519. 
p-Amldo- phenol -sulphonie add NH,[4]C«H3(0H)[i]S03H[2] is 
formed in small quantity by the action of concentrated H8SO4 upon 
nitro-benzol. There is probably a reduction to ) 3 -phenyl-hydroxyl- 
amine, follow^ed by formation of p-amido-phenol and then amido- 
phenol-sulphuric acid (C. 1908, II. 587). For other amido-phenol- 
sulphonic acids, see B. 28 , R. 378, 399 ; 89 , 3345 ; C. 1904, I. 1235). 

Thio-derivatives of Phenol. 

Mereaptans. — Thio-phenol, phenyUmercapian \phen(hthiot] C3H5SH, 
boiling at 168°, with specific gravity 1*078 (14®), is a mobile, ill-smelling 
liquid. It is made (ij by letting PjSj act upon phenol (Z./. Ch, 1867, 
193) ; (2) by distilling sodium benzol -sulphonate with potassium 

sulphydrate (B. 17, 2080) ; (3) by reduction of benzol-sulpho-chloride, 
or benzol-sulphinic acid, with zinc and sulphuric acid, or stannous 
chloride (C. 1^0, 1. 252 ; B. 82, 1147 ; C. 1904, II. 98) ; {4) from phenyl- 
dithio-carbonic ester ; (5) from phenyl-magnesium bromide, with 

sulphur, the compound C^H^SMgBr being formed first, and then 
decomposed by acids with rejection of thio-phenol (C. 1908, II. 1349 * 
1909, II. IQ3). It manifests great tendency to throw off hydrogen and 
become phenyl disulphide ; hence it often acts as a reducing agent (cp. 
B. 29, R. 979). Mercury tbio-phenate (C 3 H 5 S) 2 Hg. Thlo-phenyl-acetal 
C 3 H 5 .S.CH 2 ,CH( 0 C 2 H 3 ) 2 , b.p. 273® (B. 24, 160). Thio-phenyl-aeetone, 
m.p. 34®, and b.p. 266® (B. 24, 163). Consult B. 24, 234; 28, 1120 ; 
A. 253, 161, for mercaptal (Vol. I.) and mercaptal derivatives of thio- 
phenol. Phenyl-ortho-thio-formlc ester C 3 H 5 S.CO 2 .C 2 H 3 , m.p. 39® 
(B. 25, 347, 252). Phenyl-dlthio-carbonic ester C 3 H 5 S.CSOR is formed 
from diazo-benzol chloride and potassium xanthogenate ; it represents 
a common reaction (C. 1900, 1. 252). It yields thio-phenol when saponi- 
fied. This is the most convenient way of preparing thio-phenols (B. 21, 
R. 915), next to the reduction of the sulphinic acids. Phenyl-thio- 
carbonie chloride C 3 H 5 S.COCI, b.p.^, 104®, and phenyl-dithio-carbonio 
chloride C 3 H 5 S.CSCI, b.p.^ 135®, are formed by the action of phosgene 
and thio-phosgene upon sodium thio-phenate. Both compounds, 
treated with alcohol, phenol, thio-phenol, aniline, etc., have given rise 
to many thio-phenol derivatives (C. 1^7. II. 1159). 

Diazo-benzoMhio-phenyl ether C3H5N2*^^e^fi* ^ produced 

from diazo-benzol chloride and phenyl-mercaptan (B. 28 , 3237). 

o-Thio-cresol, m.p. 15® and b.p. 188® ; the m-body is a liquid, boiling 
at i95®-202®, while the p-compound melts at 43® and boils at 194®. 
Thio-eanraerol (CH3)(C3H2)(C3H8SH), b.p. 235®, see Carvacrol. For 
further thio-phenols, see B. 82, 1147 ; C. 1908, II. 1349. 

o-Nltro-tUo-phenol N02[2]C3H4SH, m.p. 45®, easily obtained from 
o-nitro-chloro-benzol with sodium sulphide ; it easily oxidises to the 
disulphide (N03[2]C3H4)2S2, m.p. 198®, which is also easily obtained 
from oj-dinitro-benzol with sodium sulphide, and from o-nitro-chloro- 
benzol with alkaline poly-sulphides ; p-nitro-chloro-benzol is similarly 
transformed into p - Dltro - phenyl- disulphide (N02[4]C3H4)3S3. By 
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oxidation of these disulphides with HNO3 we obtain the corresponding 
nitro-benzol-sulphonic acids (/. pr, Ch. 2, 66, 551). 

Of the substitution products of thio-phenol, the o-amido-thio-phenol 
should be noted on account of its heterocyclic condensation products. 

o-Amldo-thio-phenol NH2[2]C3H4[i]SH is obtained from ortho- 
nitro-benzol-sulphonic chloride by reduction with tin and hydrochloric 
acid. A better method to pursue is to fuse benzenyl-o-amido-thio- 
phenol with caustic potash (B. 20 , 2259). It melts at 26® and boils 
at 234®. 

m-Amido-thio-phenol (B. 27 , 2816). p-Amido-thio-phenol, m.p. 
46®, by reduction of aceto-sulphanilic chloride (B. 42 , 3362). 

The Condensations of the o-Amido-thio-phenols (compare o-diamines 
and o-amido-phenols). — (i) Benzo-thiazols are formed on heating 
o-amido-thio-phenol with carboxylic acids, acid chlorides, or acid 
anhydrides. (2) o-Amido-thio-phenol, by the action of chloro-carbonic 
esters, forms /i-oxy-benzo-thiazol or carbonyl-amido-thio-phenol. (3) 
With chloro- or bromo-acetic acid it yields keto-dihydro-benzo- 
thiazin {q.v,). (4) Carbon disulphide produces /it-sulphydro-benzo- 

thiazol {q.v.). (5) Nitrous acid converts o-amido-thio-phenol into 

o-phenylene-diazo-sulphide (q.v.) ; at 200®-220® this becomes dipheny- 
lene disulphide : 


o-AmidO'thio- 

phenol 


CH,CO,H 

C1C0,C,H, 


r M / f'w /yi-Methyl-benzo-thia*ol 

* * t [ 2 ]N Ethenyl-amido-thio-phenol 


C,H 4 


rr,ic\ f TtI*; At-Oxy-benzo-thiaioloT 

{ r ^ \ r iMH^CO Carbonvl-o-amido- 

I [2]N , ^ I thio-pheaol 


thio-pheuol 

CH,Cl.COOH ^ ^ f [,]S CH. 

^ [ 2 ]NH do Keto-dihydro-beneo-thiarin 


CS, 


CgH, I ^C.SH ^-Sulphydro>benzo-thiazol 
I r«]N 


NOOH 


C.H.| 


ri]N 

(«]s \ , 

(j]N,/ 


,N o-Phenylene-diazo-sulphide, 


See below for the condensation of o-amido-thio-phenol with pyro- 
catechol to thio-diphenyl-amine. 

Sulphides. — Phenyl disulphide 61® and b.p. 310®, 

results from the oxidation of thio phenol with a chromic acid mixture, 
or in ammoniacal solution, by the oxygen of the air ; by the action of 
iodine upon aqueous potassium thio-phenate ; by heating thio-phenol 
with benzol-sulphinic acid ; by heating thio-phenol or phenyl sulphide 
with sulphur, etc. Reducing agents decompose it into two molecules 
of thio-phenol, and alcoholic potash breaks it down into potassiimi 
thio-phenate and potassium-benzol sulphinate (B. 41 , 3403). 

Ps-Diamido-diphenyl disulphide, dithio-aniline S2[C4H4NH2]2. m.p. 
77®, is produced besides thio -aniline on melting up sulphur with aniline 
and aniline chlorohydrate. On reduction, or on boiling with alcoholic 
KHO, it is converted into p-amido-thio-phenol (B. 39 , 2427). The 
diacetyl compound exists in three isomeric forms of m.p. 215®, 182®, 
and 122® respectively. This isomerism is not as yet explained (B. 41 , 
626). Dithio-m-toluylene-diamine, see B. 42 , 743. 

Phenyl sulphide (C4H5)2S, benzol sulphide, a colourless hquid, with 
an odour resembling that of leeks, b.p. 292®, has a specific gravity 
of I *12. It is formed (i) by distilling phenol with (along with 
thio-phenol) ; (2) from sodium-benzol sulphonate with PjSj ; (3) by 
VOL. II. P 
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heating mercury-diphenyl with sulphur (B. 27 , 1171) ; (4) on heating 
sulphur with diphenyl sulphone (method of preparation), into which 
it is also converted by oxidants (B. 26 , 2816) ; (5) by the action of 
sulphur hypochloride or finely divided sulphur and A 1 chloride upon 
benzene (C. 1905, 11. 228). The two last methods are specially suitable 
for preparing phenyl sulphides. (6) Phenyl sulphide and its homologues 
are also readily prepared by heating aromatic lead mercaptides with 
haloid benzols (the bromides are the best adapted for this purpose) 
(B. 28 , 2322), or sodium mercaptides with iodo-benzols in the presence 
of powdered copper (B. 39 , 3593). 

Dlphenylene sulphide or dlbenzo-thlo-phene {q,v,) is produced on 
conducting the vapours of phenyl sulphide through a tube heated to 
redness. 

Fatty aromatle sulphides, which may also be regarded as alcohol 
ethers of thio-phenols, are produced (i) by the action of alkyl iodides 
or dimethyl sulphate upon the sodium salts of the thio-phenols ; (2) by 
heating phenyl-dithio-carbonic ester alone : 

CeHjS.CSOCjHj = CeH^SC^H^+COS ; 

(3) by successive action of sulphur and alkyl iodides upon phenyl- 
magnesium bromide (C. 1905, I. 80) : 

C,H5MgBr ^ C,HsSMgBr CeH^SCH,. 

Phenyl-methyl sulphide C^H5SCH3, b.p. i87®-i9o®; phenyl-ethyl 
sulphide C3H3SC2H5, b.p. 200®-2o6®. The fatty aromatic sulphides 
easily add two atoms of bromine or iodine, with formation of dibromides 
or di-iodides, usually crystallising easily, which, under the action of 
w’ater, exchange the halogen for ox3^gen, and form mixed sulph-oxides. 

Phenyl-thio-glycolic acid C3H3SCH2COOH, m.p. 43*5®, is formed 
(i) from sodium thio-phenate and monochloracetic acid ; (2) by the 
action of thio-glycolic acid upon diazo-benzol chloride in aqueous 
solution. In this action the compound C^HjNgS.CHjCOOH is formed 
first, and passes, on warming, into phenyl-thio-glycolic acid, with 
rejection of nitrogen (M. 28 , 247 ; C. 1908, I. 1221). 

With dimethyl sulphate the aromatic and fatty aromatic sulphides 
combine to mixed sulphinic or sulphonium compounds, which change 
in stability with the number of aromatic radicles. Thus, diphenyl- 
methyl-sulphonium chloride decomposes on boiling with water, and 
rapidly on adding alkali, into methyl alcohol and diphenyl sulphide 
(B. 89 , 3559 )- 

Amido-phenyl Sulphides or Thio-anilines. — Formation (i) These 
compounds result when nitrophenyl sulphides are reduced (cp. B. 29 , 
2362) ; (2) from anilines by boding the latter with sulphur and lead oxide 
(B. 4 , 384). Sulphur chloride converts the dialkyl-anilines into sym. 
p-tetra-alkyl-diamido-phenyl sulphides. Silver nitrate and ammonia 
desulphurise the tetra-alkyl compounds, with the formation of sym. 
p-tetra-alkyl-diamido-diphenyl oxides — e.g, 0[CeH4[4].N(CH|)a]a (B. 21 , 
2056). Upon heating methyl-thio-anilines — e.g. thio-p-toluidin — with 
sulphur to higher temperatures, thiazol derivatives, like dehydro 4 hio- 
ioluidtn (see Benzo-thiazol), are produced. 

p-Diamido-diphenyl sulphide thio-aniline, melts at 105®. 
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o-Diamido-diphenyl sulphide melts at 93'’ (B. 27 , 2807). See B. 88, 

1130 for isomeric thio-anilines, melting at 80® and 86®. 

Thio-p-toluidin dlamido-dltolyl sulphide, melts 

at 103®. The sodium salts of &io- and dithio-toluidin-sulphonic acids 
dye unmordanted cotton a greenish yellow (B. 21 , R. 877). They are, 
therefore, so-called substantive cotton dyes. 

The bis-diazo-salts of thio-p-toluidin, which may be produced in 
the fibre itself, combine with naphthyl-amine-sulphonic acids, and 
yield diazo-dyes of a brown-red colour (B. 20 , 664). 

Thio-diphenyl - imides. — Thio-diphenyUamine Vnh, is 

W [I JL^,xT4[2j J 

the simplest of these heterocyclic bodies. Methylene blue, a most 
valuable dye, is derived from it. The thio-phenyl-amine group will be 
discussed later with the hetero six-ring compounds. 

Thio-anisol S(C0H4OCH3)2, melting at 46°, and allied bodies, are 
formed when thionyl chloride or sulphur chloride with aluminium 
chloride acts upon the phenol ethers (A. 27 , 2540). 

Seleno-phenols. — Like sulphur, selenium also attaches itself to 
phenyl-magnesium bromide, forming CeH^SeMgBr, from which seleno- 
phenol is produced with dilute acids. 

Seleno-phenol CgHgSeH, b.p. 182®, is also formed by reduction of 
benzol-seleninic acid and diphenyl diselenide, into which it easily 
passes by oxidation in air. p-Seleno-cresol, white flakes, m.p. 47® 
(C. 1906, II. 1119). 

Phenyl selenides and tellurides are quite readily obtained from the 
mercury-diphenyl compounds by the action of selenium and tellurium. 

Diphenyl selenide (C3H5)2Se also results upon heating selenium 
with diphenyl sulphone. Sulphur dioxide escapes at the same time. 
It boils at 163® (14 mm.). Further action of selenium produces diphenyl 
diselenide (C3H5)2Se2, melting at 63® and boiling at 203® (ii mnn). 
Reduction changes it to two molecules of selenophenol CgH^SeH, boiling 
at 182®. Diphenyl telluride (CcH5)3Te boils at 174® (10 mm.) ; see B. 28 , 
1670 ; 29 , 428. Further aromatic Se and Te compounds, see B. 30 , 
2821. 


Dihydric Phenols. 

Several representatives of this family occur in plants, or have been 
obtained as decomposition products of p ant substances. Resorcin or 
m-dioxy-benzol is especially important from a technical standpoint. 

The general methods of formation are like those of the corresponding 
monohydnc phenols — (i) by fusing monohalogen phenols, halogen 
benzol-sulphonic acids, phenol-sulphonic acids, and benzol-disulphonic 
acids with potassium hydroxide ; (2) by diazotising the amido-phenols ; 

(3) by aromatic dioxy-acids alone or with lime or baryta. 

(4) o- and p-Dioxy-benzols also result from the careful reduction 
of their corresponding quinones. (5) o- and p-Dioxy-benzols are 
obtained in a straightforward reaction by the oxidation of o- and p-oxy- 
benzaldehydes and o- and p-oxy-aceto-phenones with HtO, in feeble 
alkaline solution ; m-oxy-benzaldehyde gives no resorcin when treated 
similarly (C. 1910, 1 . 634). . . 

Behaviour , — Their behaviour is largely dependent upon the position 
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of the two hydroxyl groups with reference to one another. The three 
simplest dioxy-benzols, p^ocatechol [i, 2], resorcin [i, 3], hydroquinone 
[i, 4], are, therefore, typical representatives of the three groups of 
dihydric phenols. The behaviour of such bodies can be fully illus- 
trated through them. The dihydric phenols can be changed by 
chlorine to hydro-aromaiic keto<hlorides, whose carbon ring may be 
readily ruptured. Chloroform and caustic potash convert them into 
dioxy-aldehydes, while they 5deld dioxy-carboxylic acids with carbon 
tetrachloride and caustic potash, as well as alkaline carbonate solutions. 

Pyrocaiechin Group, — All OKiioxy-benzols are coloured green by 
ferric chloride. They are further distinguished from the m- and 
p-compounds by their ability to exchange their hydroxyl hydrogen 
atoms and thus form cyclic esters readily. 

Pyroeateehln, pyrocatechol, o-dioxy-htnzol [i, 2-pheno-diol\ C^Hi 
[i, 2](OH)2, melting at 104® and boiling at 245®, was first (Reinsch, 
1839) obtained in the distillation of catechine (Ae juice of Mimosa 
catechu), and also from Moringa tannic acid. 

It is produced in fusing many resins with caustic potash. It occurs 
in kino, the dried juice of different kinds of Pterocarpus, Butea, and 
Eucalyptus, in beechwood tar, and has been obtained as a by-product 
in the manufacture of paraffin from bituminous shales at the Messel 
mine, near Darmstadt, etc. Pyrocatcchol-sulpkitric acid occurs in the 
urine of the horse and in that of man. It is artificially made (i) by 
oxidising phenol with hydrogen peroxide or with Caro's acid ; (2) by 
the distUlation of protocatechuic acid, or [i COaH, 3, 4]-dioxy-benzoic 
acid; (3) by fusing [i, 2j-chloro-phenol, [i, 2]-bromo-phenol (B. 27 , 
R. 957), [i, 2j*benzol“disulphonic acid, and [i, 2]“phenol-sulphonic acid 
with caustic potash ; (4) by heating guaiacol, pyrocatechol-monomethyl 
ether to 200® with hydriodic acid. 

On exposure to the air its alkaline solutions assume a green, then 
brown, and finally a black colour. Lead acetate throws out a white 
precipitate, PbCfH40a, from its aqueous solution. Neither resorcin 
nor hydroquinone shows this reaction. Similarly, the formation of 
antimonyl compounds is characteristic of o-dioxy-benzols, e.g, CtH403. 
SbOH (C. 1898, II. 598). Pyrocatechin reduces cold silver solutions and 
alkaline copper solutions. The application of heat is required in the 
latter case. Silver oxide oxidises it in etheric solution to o-benzo- 
quinone. Pyrocatechin in glacial acetic acid solution is converted by 
chlorine into tetrachloro-pyrocatechin, tetrachloro-o-quinone, and hexa- 
chIoro- 0 ’ 4 iketo-R-hexene ; in nitrous acid, to dioxy-tartaric acid. Con- 
sult p. 214 for the heterocyclic formations obtainable from pyrocatechol. 
Heated with phthalic anhydride and sulphuric acid, it yields alizarine 
and hystazarine. Compare protocatechuic aldehyde and protocatechuic 
add. It is used in photography as a developer. 

Ethers. — Some ethers of pyrocatechin, such as the mono- and 
dimethyl ether, as well as the methylene ether, are of special import- 
ance, as being closely connected with numerous vegetable substances, 
such as eugenol, safrol, apiol, vanillin, piperonal, papaverin, etc. 

Pyrocateehin-methyl ether, guaiacol, occurs in the creosote from 
beechwood tar (B. 28 , R. 156). It is produced on heating pyrocatechin 
with potassium hydroxide and potassium-methyl sulphate to 180®, as 
well as by heating calcium vanillate, and from veratrol (B. 28 , R. 362). 
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Ferric chloride gives its alcoholic solution an emerald-green colour (see 
Vanillin). 

p-Nltroso-guaiaeol CeH3[2, i](OCH8)(OH)[4]NO, from guaiacol with 
sodium alcoholate and ethyl nitrite, gives on oxidation nitro-t and 
on reduction amido-guaiacol C3H3(OCHj)(OH)NH[2 (B. 30 , 2444). 

Guaiacol-sulphonie acids, see B. 80 , 3685 ; C. 1907, 11. 1467. 
Numerous guaiacol derivatives are extensively employed in the treat- 
ment of pulmonary tuberculosis. 

Dimethyl ether, veratrol C3H4[i, 2](OCH8)3, melting at 15® and 
boiling at 205®, is prepared by treating the potassium salt of the mono- 
methyl ether with CH3I, and by distilling vetraric acid with lime. 

Pi^ocatechin-methylene and ethylene ether, b.p. 173® and 216® 
respectively. 

Glyoxal-dipyrocatechin (CeH 403 )CH.CH{ 03 C 3 H 4 ), m.p. 89®, from 
acetylene tetrabromide and solium pyrocatechin, on hydrolysis, gives 
o-oxy-phenoxy-aeetio acid OHC3H4O.CH2COOH, m.p. 131®, which 
also forms direct from monosodium pyrocatechin and chloracetic acid 
(/. pf, Ch, 2, 61 , 345 ; C. 1900, II. 327), and easily passes into its 

lactone m.p. 55“, b.p. 243“ (B. 40 , 2779). 


Ethene-pyrocatechin 


and propene-pyrocatechin are 


formed from o-oxy-phenoxy-acetaldehyde and o-oxy-phenoxy-acetone 
with acetyl chloride or P3O5 (C. 1899, II. 620). 

Pyrocatechin-diphenyl ether CeH4[i, 2]pC3H5)2, m.p. 93®, is formed 
by heating o-dibromo-benzol with potassium phenate in the presence 
of copper powder. Similarly, we obtain pyrocatechin-monophenyl ether 
OH[i]C3H4[2]OC3H3, m.p. 107®, and 02-dioxy-phenyl ether [CeH40H]20, 
m.p. 121®, by melting o-bromanisol with potassium-phenol or guaiacol, 
from the mono- or dimethyl ether formed at first. Heating with con- 
centrated HBr transforms Og-dioxy-phenyl ether into diphenylene 

dioxide C.H4{[*g*j}c.H4, m.p. 119“ (B. 39 . 622). 

Mono- and dlbenzoyl ester, m.p. 130° and 84° (B. 26 , 1076 ; A. 
210, 261). 

Pyrocatechin sulphite boils at 2io°-2ii° (B. 27 , 2752) ; pyrocatechin 
chloro-phosphlne melts at 130° ; pyrocatechin oxy-chloro-phosphlne 

melts at 35® (B. 27 , 2569) (see below). 

The carbonic ester results from the action of chloro- 

carbonic ester upon pyrocatechin, melts at 118® and boils at 227®. 
Also from the action of PQ, upon pyrocatechin-methylene ether, and 
decomposition of the resulting dichloro-pyrocatechin-methylene ether 

C4H4-(®\cci, with water (C. 1908, I. 1689). This reaction is of 

importance, inasmuch as by its means the numerous derivatives of 
pyrocat^in-methylene ether occurring in nature may be transformed 
into pyrocatechin derivatives otherwise difficult to obtain ; cp. proto- 
catechuic aldehyde. 

By h <»ating with alcohols or amine bases the pyrocatechin carboxy- 
late is easily broken up into o-oxy-phenol-carbonic esters, or carba- 
minir o-oxy-phenol esters ; with hydrazin hydrate it yields pyr^ 
oatcchln-carbonlc hydrazldc HOC4H4OCONHNH,, which, in alcoholic 
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solution, reacts easily with alddiydes, but not with ketones (B. 18 , 
697 ; A. 226 , 84 ; 300 , 135 ; 817 , 190). Oxalic ester, m.p. 185®, from 
soium-pyrocatechin and oxal-ethyl-ester chloride (B. 85 , 3452). 

Hetero-ring Formations from Pyrocatechol. — By the replace- 
ment of both hydroxyl hydrogen atoms of p5Tocatechol, cyclic esters 
are formed with SOCl,, PCI3, POCI3, COCl*, and ethylene bromide. 
o-Phenylene-diamine, o-amido-phenol, and o-amido-thio-phenol con- 
dense with p5Tocatechin, forming phmazin, phenoxazin, and thio- 
diphenyl-amine : 


r[i]OH_ 
• n[2]OH 


►C,H4 P)rrocatechin sulphite 

„ r[i] 0 \PCl Pyrocatechin chloro- 

\ [2]0/ phosphine 


POO. 


coci. 


phosphine 

XT Pyrocatechin oxychloro- 

^ I [2]0 phosphine 

>0,114 Pyrocatechin carbonate 


.[ 2 ] 0 . 

BrCH,CH,Br ^ ^ /[i]0 — CH, P5n*ocatechin-ethylene- 
* n[2]0— CH, ether 

N— Phenaan 
/[l] S [2] \ Thio-diDhenvl-an 


Homologoos Pyrocatechols. — ^l80-homo>pyrooateeholCHs[i]C,H,[2,3] 
(OH)„ m.p. 47° (B. 24 , 4137). Homo-pyrocatechol CHj[i]C8H3[3, 4] 
(OH),, m.p. 51“ and b.p. 251°, occurs in the form of its 3-methyl ether 
as ereosol CH,[i]C,Hj[3](OCHj)[4]OH, b.p. 221“, in beechwood tar, 
together with phloral (B. 14 , 2005). 

Creosol is ^so formed together with guaiacol (see above) in the dis- 
tillation of guaiacol resin. Higher honiologues of pyrocatechol have 
been obtained by treating pyrocatechol with aliphatic alcohols and 
zinc chloride (B. 28 , K. 312). 

Ethyl-, propyl- and iso-propyl-pyroeateehln, m.p. 39°, 60®, and 78°, 
are obtained from the corresponding methylene ethers (C. 1904, 1 . 797 ; 

II. 436)- 

HoDO-thio-pyrocatechol C,H«[i, 2](SH)(0H), m.p. 4-5® and b.p. 
217°, results from the reduction of diphenol disulphide [C3H40H]2S2, 
produced on heating sodium phenoxide with sulphur. o,-Dioxy- 
diphenyl sulphide [C8H40H],S, m.p. 142®, see B. 39 , 1350. 

Diphenylene disulphide, or thianthrene m.p. 

158® and b.p. 360®, should be regarded as a derivative of dithio-pyro- 
catechol C*H4(SH),. It is made by boiling phenyl sulphide with 
sulphur, also from benzene, SCI,, and aluminium chloride, as well as 
by heating phenylene diazo-sulphide (C. 1899, II. 648 ; 1905, II. 228). 
Also by the action of A 1 ,C 1 , upon thio-phenol or phenyl disulphide 
(C. 1909, 1 . 1652). HNO, oxidises it to thianthrene dioxide CeH4(SO), 
C4H4, m.p. 230®, which is transposed by heating to 270® into thianthrene 

monosulphone c, H 4 <®°‘>C.H 4 . m.p. 279®, 
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Oxidation converts thianthrene into a disulphone, CjH4(SO,)2C,H4. 
When the latter is heated with selenium, diphenylene diselenide, selen- 
anthrene CjH4 : (Se,) : C,H4, m.p, 181® and b.p. 223“ (ii mm.), results 
(B. 29 , 435, 443). 

Resorcin Group. 

Resorcin, and many of its homologues, combine with phthalic anhy- 
dride, the products being the fluoresceins (q.v-). The aqueous solutions 
of the m-dioxy-benzols are coloured dark violet by ferric chloride. 

Resorcin CjH4[i, 3](OH)2, m.p. ii8° and b.p. 276°, is produced 
from galbanum, asafcetida, and other resins upon heating them with 
potash, as well as by distilling the extract of Brazil-wood. It can also 
be obtained from many m-disubstitution products of benzene, such as 
[i, 3]-chloro-andiodo-phenol, [i, 3]-phenol-sulphonic acid, [i, 3]-benzol- 
disulphonic acid, etc., on fusing them with potash or soda at 23o®*“28o° ; 
by the same method from umhelliferone. 

Even o- and p-compounds (B. 7 , 1175 ; 8, 365), especially when 
fused at high temperatures with caustic ^kali, yield resorcin ; hence 
the potash fusion is not available in the determination of position. 
Resorcin is made on a technical scale from m-benzol-disulphonic acid 
(/. pr. Ch. 2, 20 , 319). 

Properties and Behaviour. — Resorcin crystallises in rhombic prisms 
or plates. It dissolves readily in water, alcohol, and ether, but not in 
chloroform or carbon disulphide. It possesses a sweet taste. Lead 
acetate does not precipitate its aqueous solution (distinction from 
pyrocatechin). 

Sodium amalgam reduces resorcin to dihydro-resorcin (A. 278 , 20), 
or m-diketo-hexamethylene (B. 27 , 2129). Bromine precipitates it from 
aqueous solution as tribromo-resorcin, m.p. iii°, while chlorine con- 
verts it in glacial acetic acid solution fin^y into heptachloro-resorcin 
(B. 26 , 498), which can be easily decomposed. Fusion with caustic 
soda produces phloroglucin, pyrocatechol, and diresorcin (HO)2CeH3 — 
CgH3(OH)2 (B. 26 , R. 233). The chlorohydrate of a triresorcin 
C13H14O4 (A. 289 , 61) is formed when resorcin is heated with hydro- 
chloric acid. 

Ethers and Esters.— The monomethyl ether boils at 243® (B. 16 , 151). 
The dimethyl ether boils at 214° (B. 10 , 868). The diacetyl ester boils 
at 278® (B. 16 , 552). The dicarbonic ester CeH4(OCO 202115)2 boils at 
300® (B. 13 , 697). The dibenzoate melts at 117® (A. 210 , 256). Resorcin 
combines with the various sugars under the influence of hydrochloric 
acid (B. 27 , 1356). 

Fluorescein is produced when resorcin is heated with phthalic 
anhydride. 

If resorcin be heated with sodium nitrite, it forms a deep-blue dye, 
soluble in water. Acids turn this red (B. 17 , 2617). It is used as an 
indicator under the name of lacmoid (B. 18 , R. 126). Nitric acid, 
containing nitrous acid, converts resorcin into two dyes — resorufln and 
resazurin — derivatives of phenoxazin {q.v.) (B. 23 , 718). 

When diazo-salts act upon aqueous or alkaline resorcin solutions, 
azo-dyes and dis-azo-dyes are produced; thus, with diazo-benzol 
nitrate or chloride the products are : benzol-azo-resorcln (C4H5N2) 
C,H,(0H)2, a- and /S-dlazo-benzol-^-azo-resorein (CeH5N2)2CeH,(OH)2 
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(B. 16 , 2816 ; 16 , 2858 ; 17 , 880) ; while with the diazo-chloride of 
amido-azo-benzol there results azo-benzol-azo-resorein CeH5N2.C8H4 
N2.CeH8(OH)2 (B. 15 , 2817). The action of amyl nitrite upon an 
alkaline solution of resorcin produces 4 -nitroso-resorcin NO[4]C8H8[i, 3] 
(OH) 2 (B. 35 , 4191). On the other hand, dlnitroso-resorcin, diquinoyU 
dioxime 3](OH)2[4, 6](NO)2 or C8H2(0)2(N.0H)2[i, 3, 2, 4] 

crystallises in yellow-bro\\Ti flakes, which detonate on heating to 
1 15® C. (B. 20, 3133). It occurs in commerce under the names so/ti 
green or chlorin (B. 20, 3133). 

Nitroso-resorcin-monomethyl and -ethyl ether NO[4]C8H8[3]OH[i] 
OCHj and -OCgHg respectively, exist each in two isomeric modifica- 
tions, one of them being green and unstable, the other yellowish 
brown and stable. On heating to 130° the former passes into the 
latter. Both modifications yield the same alkali salt, from solutions 
of which the yellowish-browm modification is precipitated by acids. 
This isomerism is perhaps to be interpreted in the sense of the following 
formulae : (RO)C8H3(OH)NO and (RO)CeH8 : O : (NOH), according 
to w’hich the green form is to be regarded as a true nitroso-phenol, 
and the yellow as o-quinone-monoxime (/. pr. Ch. 2, 70 , 332). 

v-Nitiro-resorcin (N02)[2]C8Hs[i, 3](OH)2, m.p. 85®, orange needles, 
volatile with w^ater vapour, is produced by nitrating resorcin-disulphonic 
acid and splitting of the sulpho-groups with superheated steam (B. 
37 , 726). 

v-Dinitro-resorcin (N 02 )[ 2 , 4]C8H2[i, 3](OH)2, m.p. 148®, by the 
action of HNO3 fumes upon resorcin. Iso-dinitro-resorcin (N02)2 
[4, 6]CeH2[i, 3]0H2, m.p. 212®. 

\Vlien cold nitric acid acts on resorcin and various gum resins 
(galbanum, etc.), or by nitrating mcta-nitro-phenol and various 
dinitro-phenols, we get trinitro-resorcin (N02)3[2, 4, 6]CeH[i, 3](OH)2. 
It melts at 175°. Ferrous sulphate and lime water colour it green 
(picric acid colours it blood-red). The diethyl ester melts at 120® 
(C. 1903, II. 829). It IS reduced by tin and HCl to triamino-resorcin 
ethers. Stryphinic acid, like picric acid, gives, with hydrocarbons like 
naphthalin, phenanthrene, etc., and with amines, readily crystallising 
molecular combinations (C. 1909, 1. 526). 

Tetranitro-resorcin (N02)4Ce(0H)2, m.p. 152®, on boiling with water, 
yields trinitro-phloroglucin (C. 1908, I. 724). 

Thio-resorcin C8H4[i, 3](SH)2, m.p. 27® and b.p. 243®. It results 
from the reduction of benzol-m-disulphonic chloride, and, when 
heated w ith phenyl iso-cyanate, becomes bis-phenyl carbamate, C8H4 
(SC0NHC8H5)2, m.p. 179® (B. 29 , R. 177 ; C. 1900, I. 252). 

Homologous Resorcins. — Orcln is by far the most important 
body among those which follow : 

M.p. B.p. 

Ordn .... CH3[i]C«H3[3, 5](0H), 107® 290® 

Cresordn . . . CH3[i]C,H3[2, 4](OH), 104® 269® (B. 19 , 136) 

2 , 6 .Dioxy-toluol . . CH3[i]C,H8[2. 6 ](OH), 64® .. (B. 17 . 1963) 

8, 6-Diozy.o-xylol . (CH3),[i, 2]C,H,[3, sKOH), 137® . . (A. 829 . 305) 

2 . 4 -Diozy-m-zylol 3]CeH,[2, 4](OH), 147® 149® (B. 28 , 31M) 


(B. 19.2318) 

Mesordn . .^CH3)3[i, 3, 5]C.H[2, 4](OH), 149" 275® (A.215.ioo) 

Di-tertiary-amid-resorcin 3](OH , 89® .. {B. 26,2653). 


m-Xylordn . . (CHa),[i. 3]CgH,[4, 6](OH), 125® 277®"! 

^-Ordn . . . (CH3 ),[i, 4]CgH,[3, 5](0H)3 163® 279®/ 
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Orcln CH8[i]C,H8[3, 5 ]( 0 H) 8 ,(B. 16 , 2995). It is found in many 
lichens of the varieties RocceUa and Lecanora, partly free and partly as 
orsellic acid, or partly as erythrine or diorsellic erythric ester. It is 
obtained from orsellic acid either by dry distillation or by boiling 
with lime. 

It is obtained by fusing the extract of aloes with caustic potash. 
It can be prepared synthetically from 3, 5-dinitro-p-toluidin and various 
other toluol derivatives by the replacement of their side groups by 
hydroxyl groups (B. 15 , 2990). 

Orcin is produced in the distillation of o-dioxy-phenyl acetate of 
silver (HO)2[3, 5]CeH8[i]CH8.C02Ag (B. 19 , 1451 ), and upon heating 
dehydracetic acid (see Vol. I.) with concentrated caustic potash (B. 26, 
R. 316 ). Orcin crystallises in colourless, six-sided prisms containing 
one molecule of water. It dissolves easily in water, alcohol, and ether, 
and has a sweet taste. It melts at 56®, when it contains water, but 
gradually loses this, and melts (dried in the desiccator) at 107®. It boils 
at 290°. Lead acetate precipitates its aqueous solution ; ferric 
chloride colours it a hlue-^iolet. Bleaching lime causes a rapidly 
disappearing dark-violet coloration. It yields azo-colouring sub- 
stances with diazo-compounds, and therefore has the 20H-groups in 
the meta-position. It does not form a fluorescein with phthalic 
anhydride. Chlorine changes it, when dissolved in glacial acetic acid, 
into trichlororcin, melting at 127®. Dissolved in chloroform it is con- 
verted by the same reagent into pentachlororcin, or [ 1 , 3 , 5 ]-diketo- 
methyl-pentachloro-R-hexene (B. 26, 317 ). 

Nitroso-orcln CH8.C8H2(OH)2(NO) consists of two modifications — 
dark-red crystals and bright-yellow needles ; the first change to the 
second when heated to ioo®-iio® (B. 29 , 989). 

On allowing its ammoniacal solution to stand exposed to the air, 
orcin changes to orcein C2;,H24N207 (B. 23 , R. 647), which separates 
out in the form of a reddish-brown amorphous powder. It dissolves 
in alcohol and alkalies with a dark-red colour, and is reprecipitated by 
acids. Orcein forms red lac-dyes ^\ith metallic oxides. It is the chief 
constituent of the colouring matter archil (called also persio, cudbear, 
and purpur — French), which originates from the same lichens as orcin 
through the action of ammonia and air. Litmus is produced from the 
lichens RocceUa and Lecanora by the action of ammonia and potassium 
carbonate. The concentrated blue solution of the potassium salt, 
when mixed with chalk or gypsum, constitutes the commercial 
litmus. 

Iso-orein {cresorcin, yorcin) is obtained by fusing 2, 4-toluol- 
disulphonic acid with KOH. Also from amido-o-cresol, etc. Also 
from methylene-bis-resorcin (9.V.), resulting from the action of formalde- 
hyde upon resorcin, by reduction with zinc dust and NaOH. By 
repeating the formaldehyde condensation and by reduction of the 
resulting methylene bis-cresorcin we obtain m-xylorcin (C. 1907, 1 . 547). 
Similarly, 3, 5-dioxy-o-xylol and 1, 2, 6 -trimetliyI- 8 , 5-dloxy-benzol 
have been obtained from orcin (A. 829, 305). 

p-Xylorcin, or p^orcin, from m-dinitro-p-xylol, rapidly acquires a red 
colour on exposure to air containing ammonia. It has been obtained 
by distillation from various lichen acids — e.g, usnic acid. Mesorcin, or 
dioxy-mesitylene, is made from dinitro-mesitylene. 
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Hydroquinone Group. 

The p-dioxy-benzenes are usually called hydroquinones, because 
they are easily obtained by the reduction of the p-quinones, and just 
as readily reconverted into the latter by ferric chloride. 

Hydroquinone, p-dioxy-henzene CeH4[i. 4](OH)a, melting at 169®, 
was first obtained by the dry distillation of quinic acid and by digesting 
its aqueous solution with lead dioxide (Wfihler, A. 66, 349) ; 

C.H,(0H)4C00H4 0 = CeH4(OH)a+COa+3HaO. 

It results also, together with glucose, on boiling the glucoside arbutin 
with dilute sulphuric acid, and occurs in Protca mellifera (B. 29 . 
R. 416). 

It is further formed by the electrolytic oxidation of an alcoholic 
benzene solution acidulated with sulphuric acid (B. 27 , 1942), and by 
fusing fi, 4]-iodo-phenol with potassium hydroxide at 180® ; or from 
[2, 5]-oxy-salicylic acid, and from para-amido-phenol ; also in small 
quantities in the distillation of succinates. The most convenient 
method of preparing it consists in reducing quinone with sulphurous 
acid : 

Extract the hydroquinone from the aqueous solution by shaking 
with ether, and purify the product by recrystallisation from hot water 
containing sulphur dioxide, the solution being decolourised by animal 
charcoal. 

Hydroquinone is dimorphous and crystallises in monoclinic flakes 
and hexagonal prisms. It decomposes when quickly heated. It dis- 
solves readily in water (in 17 parts at 15®), alcohol, and ether. It forms 
crystalline compounds with HjS and SO*; these are decomposed by 
water. Ammonia colours the aqueous solution reddish brown. It is 
only in the presence of ammonia that lead acetate produces a precipitate 
in the solution of hydroquinone. Oxidising agents (like ferric chloride 
and chromic acid) convert hydroquinone into quinone ; quinhy drone 
is an intermediate product. 

Hydroquinone, like quinone, forms quinone-dioxime (B. 22 , 1283) 
with hydroxylamine. It does not combine with diazonium salts to 
form azo-compounds, but it is oxidised by them to quinone (C. 1908, 
IL 409). 

Hydroquinone is used as a “ developer in photography, and in 
therapeutics as an antifermentative and antip3'’ctic agent. 

Ethers . — Hydroquinone-monomethyl ether CH3.0[4]C*H4[i]0H is 
formed from methyl-arbutin ; and from hydroquinone by heating it 
with caustic potash, and methyl iodide or potassium-methyl sulphate 
(B. 14 , 1989). It melts at 53® and boils at 247®. The dimethyl ether 
melts at 56® and boils at 205®. The ethyl ether melts at 66® and boils 
at 246®. The diethyl ether melts at 71®. Diphenyl ether, m.p. 77® 
(A. 850 , 97). 

Hydroquinone bls-chloro-phosphin C4H4(OPCl2)2 melts at 65® and 
boils at 200® (65 mm.), while hydroquinone bls-oxy-chloro-phosphln 
C2H4(OPOCl2), melts at 123® and boils at 270® (70 mm.) (B. 27 , 
2568). 

Hydroquinone diacetate CeH4(O.COCH3)2 melts at 123®. 
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Hydroquinone dlbenzoate C^Ti^{O.COC^U^)2 melts at 199°. 

Homologous hydroquinones are usually prepared by action of sul- 
phur dioxide upon the homologous quinones. Tolu-hydroquinone re- 
sults from the action of hot dilute sulphuric acid upon p-tolyl-hydroxyl- 
amine and other p-alkyl phenyl-hydroxylamines, by atomic displace- 
ment in the quinols first formed. The intermediate formation of tolu- 
quinols is also the cause of the peculiar formation of tolu-hydroquinone 
during the oxidation of p-cresol with potassium persulphate (B. 41, 
299). 

Hydro-p-xylo-quinone bears the name hydrophlorone. Dimethyl- 
hydro-thymo-quinone, boiling at 249®, occurs in the ethereal oil of Arnica 
montana, also in “ ayapana oil of Eupatorium ayapana (B. 41, 509 ; 
A. 170, 363). Diteriiary amyUhydroquinone results from hydroquinone 
and iso-amylene with glacial acetic acid and sulphuric acid (B. 25 , 2650). 


Hydro-tolu-quinone (B. 16, 2981) 

Hydro-O'Xylo q\nMone 

Hydro-rii-xylo-quinoiie 

Hydro-p-xylo-quinone 

Hydro-cumo-qumoiu* 

Hydro-thymo-qumoue 

Ditert araylhydro-quinone 


(CH,)[i]C,H,[2,5](OH), 

i,2]C.H,[3.6](OH), 

(UI,).[i, 4]C.H,[2,5](OH), 
(Cn.),(i.2.43C,H[3.6 ]{OH), 
(CH,)(C,H,)Li,4]C,H,[2, 5](0H), 

4](OH), 


Mp. 

124® (A 215, 159) 
121® (B 18, 2673) 
150® (B 18, 1151) 
212® (A 216. 169) 
169® (B 18, 1x52) 
*39®* '>•?• 290® 

185® 


Substituted Hydroquinones. — Monochloro- and monobromo-hydro- 
quinones have been obtained by the action of concentrated hydro- 
chloric or hydrobromic acid upon p-quinone (B. 12, 1504). Mono- 
chloro-quinone gave dichloro-quinone, etc. (A. 210, 153). Di-, tri-, and 
tetrachloro-hvdroquinones result from the corresponding chlorinated 

_ r i\ ^ . A r /*N 


quinonc by the action of SOg 



Monochloro-quinone melts at 

104® ; Monobromo-quinone 

melts at no® 

[2, 5]-Dichloro-qumone ,, 

166® ; [ 2 , 5]-Dibromo-qinnone 

.. 186® 

[2, 6]-Dichloro-qumone ,, 

158®; [2, 6]-Dibromo-quinone 

163" 

Trichloro-quinone ,, 

131°; Tribromo-qumone 

136*’ 

Tetrachloro-quinone ,, 

23 , Tetrabromo-quinone 

.. 244“ 


Nitro-hydroquinone, m.p. 133°, is formed in the action of ammonium 
persulphate upon nitro-phenol (/. pr. Ch. 2, 48, 179). 

2.8-DInltro- and 2.6-dlnltro-hydroquinone-dIethyl-ether, m.p. 233 ® 
and 176°, and yielding the same trinitro-compound, m.p. 130 ®, are 
produced by nitrating hydroquinone diethyl ether. (A. 215, 149). 

2.6-Dlnif ro-hydroquinone diacetate melts at 96°, and readily exchanges 
a NO, group for NHC,Hj (B. 24 , 3824). 

Dinitro-hydroquinone results from dinitro-arbutin and dinitro-hydro- 
quinone diacetate. Reduction changes these compounds to amido- 
hydroquinones (B. 22, 1656 ; 23, 1211 ). 1, 4-Diamido-hydroqttinone 
is obtained from the dioxime of 2, 5-dioxy-quinone. 

When tetrachloro-quinone is- digested with a diluted solution of 
primary sodium sulphite (A. 114, 324 ), we get dichloro-hydroquinone- 
disulphonic acid C,Cl,| Its aqueous solution is coloured 

indigo-blue by ferric chloride. When its alkaline solution is boiled it 
oxidises to potassium euthio-chronate. 
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Monothio-hydroqulnone CeH4[i,4](OH)(SH), m.p. 30® and b.p. 
167® (45 mm.), results from p-diazo-phenol chloride and potassium 
xanthogenate. p-Oxy-diphenyl sulphide C4H,S[i]C4H4[4]OH results 
from heating benzol-sulphinic acid with phenol to 150® (C. 1904, 

l. 130). 

Dithio-hydroquinone C4H4[i, 4](SH)4, m.p. 98®, is obtained from 
p-benzol-disulphonic chloride or ^azo-phenyl disulphide. In the air 
it gradually oxidises to p-phenylene disulphide [C4H4SJJX. Methyla- 
tion converts it into p-phenylene-dimethyl sulphide C4H4(SOCH,)j, 

m. p. 188®, which, on oxidation with HNOj, yields a dlsulphoxlde 
C4H4(SOCHs) 2, m.p. 188®, and a disulphone C6H4(S02CH3)4, m.p. 260® 
(B. 42 , 2721). 

Trihydric Phenols. 

The three isomeric trioxy-benzols are known in the compounds 
pyrogallol, phloroglucin, and oxy-hydroquinone. 

Among the methods of forming polyoxy-benzols we must mention 
the hydrolysis of polyamido-benzols, which is useful for prepairing 
phloroglucins or sym. trioxy-benzols. 

Pyrogallol, pyrogalHc acid C4H3[i,2,3](OH)j, m.p. 132®, is pro- 
duced by the elimination of COj from gallic acid or pyrogallo-carbo- 
xylic acid C02H[i]C4H2[3,4,5](0H)3, when heated alone, as was first 
obser\’ed by Scheele (1786), or, better, with water to 210® ; also by 
fusing the two p-chloro-phenol-disulphonic acids and haematoxylin with 
potassium hydroxide. It forms white flakes or needles. It dissolves 
readily in water, with more difficulty in alcohol and ether. Its alka- 
line solution absorbs oxygen very energetically (B. 14 , 2666), turns 
brown, and decomposes into carbon dioxide, acetic acid, and brown 
substances. It is used in gas analysis for the determination of 
oxygen. Pyrogallol quickly reduces salts of mercury, silver, and 
gold, with precipitation of the metals, while it is oxidised to acetic 
and oxalic acids. 

Ferrous sulphate containing ferric oxide colours its solution blue, 
ferric chloride red. Lead acetate precipitates white C4H408.Pb0. 
An iodine sol r. tion imparts a purple-red colour to an aqueous or alco- 
holic pyrogallol solution. Gallic and tannic acids react similarly. 
Electrolytic dissociation produces purpuro-gallin (C. 1903, 1 . 927 ; 1904, 

l. 798, 1005). 

1 -Monomethyl ether, m.p. 40®, b.p.14 147®. 2 -Monomethyl ether, 

m. p. 87®, b.p.24 155°. 

1,8-Dimethyl ether is found in beecnwood creosote. It melts at 
5i®-52® and boils at 252® (B. 11, 333 ; M. 19 , 557). Also by partial 
saponification of pyrogallol-trimethyl ether. It is notable that the 
methoxyl, although occupying the middle position, is most easily 
saponified (C. 1905, II. 1062). Different oxidising agents convert it 
into cmulignone, a ^phenyl derivative. 

1, 2-Dimethyl ether, b.p. 235® (C. 1904, II. 1118). 

The trlmethyl ether melts at 47® and boils at 235® (B. 21 , 607, 
2020). 

The ethyl, diethyl, and triethyi ethers melt at 95®, 79®, and 39®. The 
syrupy dimethyl aeetate yields a quinone, C4H2(OCH8)202, with 
chromic acid; the triacetate crystallises. 
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Psrrogallol earbonate ohc,h,<^^^co. m.p. 133®, from pyrogallol 

and phosgene in pyridin solution. Hot water regenerates the pyrogallol 
(B. 87 , 106). 

Trichloro-pyrogallol CjCl3(OH)3 melts with decomposition at 177® 
(B. 20 , 2035). 

4 -Bromo-pyrogallol Br[4]C3H2[i,2,3](OH)3, m.p. 140® with decom- 
position ; 4 , 6 -dIbromo-pyrogallol Br2[4,6]C3H[i,2,3](OH)3, m.p. 158® 
with decomposition. These are formed by brominating the pyro- 
gallol carboxylate. 

Tribromo-pyrogallol CeBr3(OH)3, from pyrogallol and bromine, 
when digested with bromine yields xanthogallol Ci8H4Bri403, m.p. 
122® (A. 245 , 335). 

4 -Nitro- and 4 , 6-dinitro-pyrogaIlol, m.p. 162° and 208®, by nitro- 
genation of pyrogallol carboxylate. By reduction we obtain the cor- 
responding amido-compounds as easily oxidisable substances, which, 
on boiling with water or dilute acids, become i, 2, 3, 4-tetra-oxy- and 
penta-oxy-benzol respectively (B. 37 , 114). 

Methyl-pyrogallol-dimethyl ether CH8.C4H2(OH)(OCH3)2, m.p. 36® 
and b.p. 265®, occurs in beechwood creosote (B. 12 , 1371). 1 -Methyl- 
[ 3 , 4 , 5 ]-pyrogallol-[ 4 , 5 ]-dimethyl ether, irodok m.p. 57® and b.p. 249®, 
is formed on distilling iridic acid C02H.CH2.C4H2(0H)(0CH3)2 
(B. 26 , 2018). 

Propyl-pyrogallol-dimethyl ether, picamar C8H7.C4H2(OH)(OCH3)2, 
b.p. 245®, was discovered in beechwood creosote by Reichenbach 
(B. 11 , 329 ; A. 8, 224). 5 -Amido-pyrogallol-trimethyl ether (CH3O) 
C4H2NH2, m.p. 114®, from trimethyl-gallic amide (A. 840 , 224). 

Phloroglucin C4H3[i,3, 5](OH)3 melts at 219® when it is rapidly 
heated. Hlasiwetz first obtained it (1855) fhe decomposition of 
phloretin {q,v,). It can also be prepared from quercetin, hesperidin, and 
other glucosides (q.v.). It is formed from different resins (catechu, kino, 
gamboge, dragon's blood, and others), on fusion with caustic potash. 
It is most easUy made by fusing resorcin with caustic soda (B. 14 , 954 ; 
18 , 1323) ; by the fusion of orcin and benzol-trisulphonic acid with 
sodium hydroxide ; also by the saponification and decomposition of 
synthetically prepared phloroglucin-tricarboxylic ester, which gives 
up 2CO2 (B. 18 , 3454). It is best formed from sym. triamido-benzol, 
which is not isolated, but hydrolysed by boiling the solution of the 
double tin-salt obtained direct from trinitro-benzol. 

In the same way homologous phloroglucins have been obtained : 
mono-, dl-, and trimethyl-phloroglucin C3H2(CH3)(OH)3, C4H(CH3)2 
(0H)3, C4(CH3)30H8, which melt at 215®, 163®, and 184® respectively 
(C. 1898, II. 537 ; 1900, I. 600). 

It crystallises in large, colourless prisms with 2H2O ; these 
effloresce in the air. It loses all its water of cry’stallisation at 
no®, melts at 218®, and sublimes without decomposition. It has 
a sweetish taste, and dissolves readily in water, alcohol, and ether. 
Lead acetate precipitates it ; ferric chloride colours its solution a 
dark violet. 

Chlorine oxidises phloroglucin to dicMoracetic acid and tetrachlor- 
acetone. One of the first intermediate products is hexachloro^triketo- 
R’he xylene. For the action of bromine, see B. 28 , 1706. It is con- 
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verted bv reduction into phloroglucUe or sym. trioxy-hexamethylene 
(B. 27 , 357). 

Phloroglucin, in most of its reactions — ^for example, with phenyl 
cyanate (see B. 23 , 269), — conducts itself like a trihydric phenol 
CgH3(OH)3 ; on the other hand, it unites with three molecules of hydro- 
xylamine to form a trioxime (see below), hence it may be considered a 
triketone — [i, 3, 5]-triketo-hexamethylene (B. 19 , 159). 

(-H CH^c.oH and CH,<' 

\C(OH)=CH ’\CO— CH,/ 

Tnoxy benzol Triketo-hexamethylene. 

In order to explain the trioxime formation it might be assumed 
that the [i, 3, 5]-trioxy-benzo-formula is the unstable pseudo-form of 
phloroglucin. 

In the keto-form, phloroglucin also reacts in the methylation, with 
methyl iodide and alkali, which finally leads to hexamethyl-phloro- 
glucin or hexamethyl-triketo-hexamethylene 03(0113)303, m.p. 80°, b.p. 
248®, also formed by methylation of the homologous methyl-phloro- 
glucins, and split up by fuming HOI into di-iso-propyl-ketone and iso- 
but}Tic acid (B. 23 , R. 462 ; 0 . 1899, II. 760). A peculiar phenomenon 
is the condensation of phloroglucin and its homologues with salicyl 
aldehyde to fluorones {q.v.), a reaction in which part of the phloroglucin 
molecule acts in the keto-form, and another part in the hydroxyl form 
(M. 21 , 62). 

Phloroglucin easily combines with formaldehyde to form methylene^ 
bis-phloroglucin CH2[C3H3(OH)3]2, a diphenyl-methane derivative, 
which, on reduction with zinc dust and NaHO, decomposes into phloro- 
glucin and methyl-phloroglucin, as well as a little dimethyl- and tri- 
methyl-phloroglucin (A. 329 , 269). This has a close connection with 
Filix acid from Aspidium filix-mas, which, on reduction with zinc 
dust and NaHO, yields, besides mono-, di-, and trimethyl-phloroglucin, 
also butyryl-filicinic acid. On prolonged action the latter is split up 
into n-but}Tic acid and filicinic acid, probably represented by gem-di- 

methyl-dioxy-dihydro-keto-benzol ^ (A* ^49 » 

230). 

Phloroglucin trioxime C3H3(NOH)3, a crystalline powder exploding 
at 155''. Phenyl-hydrazin attaches itself to phloroglucin much as it 
does to oxalic ester and dioxy-succinic ester. 

Trinitroso-phloroglucin C 3 (NO) 3 (OH )3 (B. 11 , 1375) and trlnitro- 
phloroglucin Ce(N02)3(0H)3 yield on reduction triamido-phloroglucin 
C3(NH2)3(0H)„ which, on boiling with MnOj and soda, yields croconic 
acid (B. 26, 2185). 

Phloroglucin ethers result from treating phloroglucins with alco- 
hols and HCl, or from methylation with diazo-mefiiane or dimethyl 
sulphate in etheric solution (C. 1906, 11. 1836). Monomethyl ether, 
m.p. 75®“78®, b.p.i3 213®, gives a mononitroso-derivative, which may 
be converted into oxy-methoxy-p-quinone (C. 1903, I. 285), and a di- 
nitroso-derivative, which, on reduction, yields diamido-dioxy-anisol. 

Dimethyl ether, m.p. 37®, b.p.,, i72®-i75®, forms with N2O3 an o- as 
well as a p-nitroso-derivative, 3, ydimeihoxy-quinone oxime^ red flakes, 
and 3, 5-dimethoxy-quinone oxime, yellow needles (M. 21, 15). TrI- 
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methyl ether, m.p. 52®, b.p. 255®, also obtained by splitting up methyl- 
dihydro-cot oin with potash. 

Triphenyl ether m.p. 112°, by heating sym. tri- 

bromo-benzol with K phenate in the presence of Cu bronze (A. 350 , 
102). On chlorination products of phloroglucin ether, see C. 1902, 
II* 739* Phloroglucin triacetate, m.p. 105®. Trithicnphlorogiucin 
CeH3(SH)3, m.p. 58®. Triacetate, m.p. 74®. Trimethyl ether, m.p. 68® 
(B. 42 , 3252). 

Oxy-hydroquinones result from the reduction of oxy-quinones. 

Oxy-hydroquinone C3H3[i, 2, 4](OH)3 is produced on fusing hydro- 
quinone with KOH (together with tetra- and hexa-oxy-diphenyl (B. 
18 , R. 24). It is crystalline, very soluble in water and ether, and in 
aqueous solution soon acquires a dark colour. It melts at 140-5®. 
Ferric chloride colours it a dark greenish brown. Its triethyl ether 
is obtained from trioxy-ethyl-benzoic acid (from aescule- 
tin) It can also be prepared by ethylating ethoxy-hydroquinone. 
It melts at 34® (B. 20 , 1133). The trimethyl ether C6H3(O.CH3)3, from 
meihoxy-quinone, boils at 247®. A better method of producing oxy- 
hydroquinone is from its triacetate, m.p. 97° (A. 311 , 341 ; C. 1899, I. 
1094) : 

C 6 H 403 + 2 (CH 3 C 0)30 = CeH3(OCOCH3)3+CH3COOH. 

Sodium amalgam reduces it to dihydro-resorcin. 

Nitro- and halogen oxy-hydroquinones, see B. 34 , 2837. Hydro- 
quinone monomercaptan CeH3(OH)2SH, m.p. 120®, is obtained by 
splitting up hydroquinone-thio-sulphonic acid C3H3(0H)2S.S03H and 
analogous sulphuretted hydroquinone derivatives, prepared by the 
action of sodium thio-sulphate and other thio-acids upon benzo-quinone. 
Iodine oxidises it to hydroquinone disulphide [C6H3(OH)3]2S2, m.p. 
183® (C. 1906, II. 1467). 

Tetrahydric Phenols. 

There are three possible isomerides : (i) Apionol, v-tetraoxyh 
benzol [phenetetrol] CeH2[i, 2, 3,4](OH)4, needles, m.p. 161®, by boiling 
amido-pyrogallol chlorohydrate in water. Dimethyl-apionol 
[1,2, 3, 4](0.CH3)2(0H)2, by heating apiolic acid with caustic potash. 
It melts at 106® and boils at 298®. Tetramethyl-apionol C3H2(O.CH3)4 
melts at 81®. 

[ 1 , 2 ] -Methylene - 3, 4 -dimethyl -apionol : CH2)(O.CH3)2, 

apione, is formed when apiolic acid is heated with dilute sulphuric 
acid. It melts at 69® (B. 24 , 2608 ; 29 , 1806). 

l-n-Propyl- 2 , 3 , 4 , 5 -tetraoxy-benzol is obtained as methylene- 
dimethyl ether, dihydro-apiol, melting at 25® and boiling at 292®, in the 
reduction of isapiol, 

(2) Unsym. tetraoxy-benzol CeH2[i, 2,3,5] (OH)4 is an amorphous, 
glassy mass obtained from iretol by the action of hydrochloric acid 
at 150®. The 1 , 3 -dimethyl ether is prepared by reducing i, 3-dimeth- 
oxy-2, 5-quinone. It melts at 158®. The tetramethyl ether melts at 
47® and boils at 271® (B. 23 , 2291). 

Iretol CH30.C3H2(0H)3 melting at 186®, is one of its monomethyl 
ethers. It is formed together with iridic acid on fusing irigenin with 
potash (B. 26 , 2015). 
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(3) Sym, tetraoxy-bensol CeH,[i, 2 , 4 , 5 ](OH )4 is obtained by 
reducing 1, 4-dioxy-2, 5-quinone with stannous chloride. It melts 
at 2i5®-220®. Its tetra-acetyl ester melts at 217® (B. 21 , 3374). 

Diehloro-tetraoxy-benzol, hydro-chloranilic acid C4C1,(0H)4 results 
in the reduction of chloranilic acid with sulphurous acid (A. 146 , 32). 

Amido-s-tetraoxy-benzol results from the action of stannous 
chloride upon nitro-dioxy-quinone, and also Nitro-amido-s-tetraoxy- 
benzol and diamido-s-tetfaoxy-benzol (B. 18 , 502), by the reduction 
of nitranilic acid. Croconic acid and ammonia are produced on boil- 
ing the diamido-body vnih potash ; oxidising agents convert it into 
diamido-dio xy-quinone. 

Hydfo-euthiochronic alkali salts, see Euthiochronic acid, below. 

Pentahydric Phenols. — Pentaoxy-benzol C 4 (OH) 6 H, colourless crys- 
tals, from diamido-pyrogallol on boiling in water (B. 37 , 122). Penta- 
aeetate, m.p. 165®. its diethyl ether, see C. 1903, II. 829. 

Hexahydrie Phenols. — In describing the benzene ring formations 
mention was made of the remarkable isolation of potassium hexaoxy- 
benzene or potassium-carbon monoxide (discovered by Liebig in 
1834), which results upon conducting carbon monoxide over 
heated potassium (confirmed by Nietzla and Benkiser in 1885). 
Dilute hydrochloric acid, acting upon the fresh mass, yields 
h exaox y-ben zene . 

Hexaoxy-benzene C4(OH)4 is obtained from triquinoyl by reduction 
with stannous chloride and hydrochloric acid. It separates in the form 
of smaU, grayish-white needles, which acquire a reddish-violet colour 
on exposure to the air. They are not fusible, but decompose at about 
200®. Concentrated nitric acid oxidises it to triquinoyl. 

It forms the hexacetyl derivative Ce( 0 .C 2 H 30)4 when heated with 
acetic acid and sodium acetate. It is a crystalline mass, melting at 
203® (B. 18 , 506). 

8. Quinones. 

This is the designation ascribed to all derivatives of benzene in which 
2H-atoms are replaced by 20-atoms. The replacement is either in the 
o- or the p-position. We distinguish ortho-quinones and para-quinones. 
The latter are especially characteristic of the mono-nucleus aromatic 
hydrocarbons. Metaquinones are not known. 

Constitution. — The constitution of the quinones of the aromatic 
hydrocarbons having one nucleus is not fully established. They are 
considered either as benzene derivatives, the oxygen atoms being as- 
sumed to be linked to one another, or as p-dihydro-benzol derivatives, 
containing two ketone groups. 

The first view compares the quinones to peroxides ; they are indeed 
powerful oxidising agents. Upon reduction they do not become the 
p-diglycols of the p-^ydro*benzols, but p-dioxy-benzols, which are 
true benzene derivatives. The p-quinones yield hydroquinones, and 
the o-quinones the pyrocatechins. Further, each oxygen atom, by 
the action of PCI4, is replaced by one chlorine atom. In opposition to 
the peroxide formula of the para-quinones we have the p-diketone 
formula, in support of which we can bring forward the formation of a 
monoxime and a dioxime, as well as the absorption of 2Br and 4Br by 
para-quinone {J. pr. Ch, 2, 42 , 61 ; B. 23 , 3141). Nitroso-phenol is 
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considered by most chemists to be quinone monoxime. The various 
formulas for o- and p-quinone are ; 


c 

c — 0 

CH 

CO 

CH 


H(5^\h 


HC C — 0 

H(i^ CH 

HC CO 

Hc (!) (!:h 

or II 1 

HC (in 


HC (1— i 

II II 

HC CH 

H(J io 

M/- 

x/- 


/ 


/ 

c 

c 0 

CH 

CO 

CH 


Peroxide formula for p- and o>quinone. Di ketone formula for p- 

and o-quinone. 

At the present time the diketone formula is generally preferred. 

Ortho-quinones. — The ortho-quinones are much less stable than the 
para-quinones. The isolation of the simplest o-quinone has only been 
successfully accomplished quite recently (Willstatter, 1904). Chloro- 
and bromo-substitution products of o-quinone have been, on the other 
hand, known for some time (Zincke). 

o-Benzo-quinone CeH4[i, zjOa is formed by gentle oxidation of pyro- 
catechin with silver oxide in etheric solution (B. 37 , 4744). It exists 
in two isomeric forms (B. 41 , 2580). When freshly prepared, it forms 
colourless prisms, which shortly change into the more stable form of 
bright-red plates, which melt with decomposition at 6o°-70°. Chemi- 
cally, both forms are perfectly equal. They are strong oxidisers, and 
liberate iodine from acidulated K1 solution ; on reduction with sul- 
phurous acid they yield pyrocatechin. The two isomers perhaps cor- 
respond to the above peroxide and diketone formulae. The o-benzol- 
quinone, in contrast with p-quinone, is odourless and not volatile ; 
in this respect it more closely resembles the o-quinones of the hydro- 
carbons with condensed ring systems ; cp. naphtho-quinone and phen- 
anthrene-quinone. 

1 , 2 -DimethyM, 5 -benzo-quinone (CH3)2[i, sJOg, long red 

needles, m.p. 102°, by oxidation of 5-oxy-4-amido-i, 2-dimethyl-benzol 
with potassium bichromate and sulphuric acid. Tetrachloro-o-benzo- 
quinone CeCl4[i, zjO,, m.p. 131'', and tetrabromo-o-benzo-quinone 
CeBr4[i, zJOj, m.p. 195°, are formed by the action of chlorine 
and bromine upon pyrocatechin dissolved in glacial acetic acid 
(Zincke, B. 20 , 1776). Tetrachloro-benzo-quinone, with aniline, trans- 
poses itself into dianilino-dichloro-o-benzo-quinone C4Cl2(NHC4H5)202, 
which on further action of aniline passes into dianlUno-monocUoro- 
quinone-anile C4HCl(NHCeH5)2( : 0 )(: NCeH^), m.p. 180®. This is prob- 
ably a derivative of p-quinone, since reduction vnth sulphurous acid 
changes it to dianilino-p-quinone-anile (B. 38 , 4103). The halogen- 
substituted o-benzo-quinones show a great tendency to form addition 
products with the most varied classes of bodies. Thus, the tetrabromo- 
o-benzo-quinone forms with methyl alcohol a very stable combination 
(C4Br402)2CH,0H, m.p. 261®, which can be acetylated (B. 36 , 454). 

Homologous chlorinated ortho-quinones are formed by the action 
of chlorine upon the corresponding ortho-diamine chlorohydrates. 
The o-diketo-chlorides first formed may be reduced to chlorinated 
o-dioxy-benzols, which then give the chlorinated o-quinones by oxida- 
tion (B. 27 , 560). 

O^o-benzo-quinone, and several of its homologues, have been 
VOL. II. Q 
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obtained in the form of dioximes by reduction of the corresponding 
o-dinitroso-benzols ; o-nitroso-phenol should be regarded as a mon- 
oxime of o-benzo-quinone. 

Para-quinones. 

Benzo-quinone C^HiO,, m.p. ii6®, was first obtained in 1838 by 
Woskresensky upon oxidising quinic acid, a hexahydro-tctraoxy- 
bcnzoic acid, with manganese peroxide and sulphuric acid. Woskre- 
sensky named the new body quinoyl, while Berzelius (Berz. Jahresh, 
19 , 407) proposed the name quinone. 

Quinone results from the electrolytic oxidation of benzene (C. 1901, 
I. 348) or from oxidation with silver peroxide (B. 38 , 3964) ; but most 
easily from hydroquinone or p-dioxy-benzol by the action of ferric 
chloride, and from many p-di-derivatives of benzene by oxidation, 
mostly with potassium bichromate and sulphuric acid ; thus, from 
p-phenylene-diamine, sulphanilic acid, p-amido-azo-benzene, p-amido- 
phenol, p-phenol-sulphonic acid, p^iiamido-diphenyJ, or benzidin. 
It is usually prepared by oxidising aniline with sodium bichromate and 
sulphuric acid (Nietzki, B. 20 , 2283), in which process a black dye, ani- 
line black, is formed as an intermediate product (B. 42 , 2147). It has 
also been obtained by oxidising quinite (q.v.). 

Quinone crystallises in golden-yellow prisms. It possesses a peculiar, 
penetrating odour. It is poisonous and attacks the skin. It distils 
readily wiA steam, and dissolves easily in hot water, alcohol, and ether. 
It turns browm on exposure to sunlight. In the presence of the latter 
it combines to dioxy-benzo-phenones with benzaldehyde, and to dioxy- 
aceto-phenone with acetaldehyde (B. 31 , 1214). 

From acidulated KI solution quinone separates iodine, and this 
circumstance may be used for the volumetric estimation of quinone 
solutions (C. 1899, II. 906 ; B. 43 , 1171). 

Reducing agents (SO2, Zn, and HCl) convert it first into quinhydrone, 
an addition product of quinone and hydroquinone, which nascent 
hydrogen changes into hydroquinone. 

Hydrogen, in the presence of finely divided nickel, also reduces 
quinone to hydroquinone at 180®- too®, while at lower temperatures 
a further set of six H atoms is embodied and i, 4-cyclohexane-diol is 
formed (C. 1908, I. 1458). 

Concentrated nitric acid dissolves it in the cold, but when the acid 
is hot it is decomposed, oxalic and prussic acids being formed. Silver 
peroxide splits it up into maleic acid and COg (B. 39 , 3715). Bromine 
converts quinone into quinone di- and tetrabromides, melting at 80® 
and at i7o®--i75°. p-Diketo-hexamethylene, the hydride corresponding 
to quinone tetrabromide, has been obtained by starting with succino- 
succinic ester. With acetic anhydride and concentrated sulphuric 
acid it combines to form the triacetate of oxy-hydroquinone. 

Phosphorus pentachloride converts quinone into p-dichloro-benzene ; 
hydroxylamine chloride changes it to quinone oxime or nitroso-phenol, 
and quinone dioxime. Phenyl-hydrazin reduces it to hydroquinone ; 
a-alkyl-phenyl-hydrazins show a similar reducing power, changing 
simultaneously with tetrazones. Nitro- and a-acidyl-phenyl-hydrazins, 
on the other hand, yield monohydrazins of the quinones. 

The nuclear H atoms of quinones are relatively easy to replace. 
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Substitution takes place with or without reduction to hydroquinone. 
With HCN dicyano-hydroquinonexs formed, CeH2[i, 4j{OH)2[2, 3](CN)2. 
With benzol-sulphinic acid quinone combines to form dioxy-diphenyl- 
sulphone CjH5S02CeH3(0H), (a general reaction of quinoid sub- 
stances). Thio-acids of the genersd formula RSH (where R denotes 
an acid radicle), like thio-sulphuric acid, monothio-carboxylic acids, 
xanthogenic acids, sulpho-cyanic acid, unite with quinone to sul- 
phuretted derivatives of oxy - hydroquinone : C3H3(0H)2S.S03H, 
CeH8(OH)2S.COC«H6. CeH3(OH)2S.CS.OC2H5, etc. (C. 1906, II. 1466). 
With benzhydrols (^.v.), water is liberated and compounds like 
CflH202[CH(C3H5)2]2 are formed, belonging to the polynuclear aromatic 
substances (B. 32 , 2146). With aniline, quinone gives dianilido-quinone 
dianile. With pyridin and quinolin salts, quinone gives addition pro- 
ducts (C. 1903, I. 1408). With some metal haloids, it forms addition 
products of a dark colour (B. 41 , 2568). With halogen hydride, mono- 
and dihalogen hydroquinone are formed (A. 336 , 108). On boiling 
with primary alcohols and adding zinc chloride, quinone forms dialk- 
oxy -quinone (B. 34 , 3993). 

On the condensation of quinones with aceto-acetic ester to form 
ciimarone derivatives, see the latter. On the addition of diazo- 
methane to quinone, see B. 32 , 2292. 

Phenol Addition Products of Quinone (A. 215 , 134). 

Of the addition products of quinone, those with mono- and dihydric 
phenols are the most important. In general, quinone unites with two 
molecules of a monohydnc, and with one molecule of a dihydnc phenol. 
But there are exceptions (B. 42 , 1149). These phenol addition pro- 
ducts of quinone are distinguished by their intense coloration, and by 
the ease with which they break up into their components on solution. 

Pheno-quinone C3H4O2.2C3H5OH, m.p. 71®, by addition of quinone 
and phenol. It is easily volatilised, crystallises in red needles, and is 
coloured blue by potash lye, and green by baryta water. Addition 
products with homologous phenols, see C. 1898, 1 . 887. On heating the 
phenols with quinone. with or without H2SO4, colourless compounds 
are formed without evolving water. They differ from pheno-quinone, 
and must be regarded as probably hydroxylated diphenyl ethers, e.g, 
0HCeH40CeH3(0H)2 from resorcin and quinone (B. 30 , 2563 ; C. 1898, 

II. 156). 

Thio-pheno-qulnone C3H40,.2CeH5SH is formed similarly from 
quinone and thio-phenol. It forms crystals of a dark-bronze colour, 
colouring blue with NaHO. Gentle oxidation converts it into 3 , 6- 
diphenyl-thlo-qoinone (C3H5S)2[3, 6]CeH2[i. 4]02, m.p. 257®, which 
is easily reduced to 3, 6-diphenyl-hydroquinone. On acetylation of 
thio-pheno-quinone, hydroquinone diacetate is formed, with splitting 
of the molecule (A. 336 , 85). Compounds resembling thio-pheno- 
quinone are also formed from quinone with aliphatic mercaptans. 

Quinhydrone C3H402.C3H4(0H)2. — This is produced by the direct 
union of quinone with hydroquinone. It appears as an intermediate 
product in the reduction ol quinone or in the oxidation of hydroquinone 
— e.g. in electrolysis (B. 29 , R. 1122), — and is changed by continued 
oxidation into quinone, and by reduction into hydroquinone. It con- 
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sists of green prisms or leaflets with metallic lustre, has a quinone-like 
odour, melts readily, and dissolves in hot water with a brown, in alcohol 
and ether with a green, colour. When it is boiled with water it decom- 
poses into hydroquinone and quinone. The constitution of these com- 
pounds probably corresponds to the following formulas (B. 28 , 1615 ; 
29 , R. 903 ; A. ^6, 90), in which the two bodies appear either as hemi- 
acetal compounds, or as derivatives of dioxy-p-diketo-hexamethylene : 


Pheno-quinone 


HO— C— OC,Hj 

HC CH 
il li 
HC CH 

C.H^O— C— OH 


Quinhydrone C,H^ 


[i]0— C— OH 

HC CH 
II II 
HC CH 

[4]0— C— OH 


or C.H^ 


CO 

C.H.O\/\ 
H/C CH, 

' I /H 

CO 

r [i]o— CH 

/\ 

H,C CO 

i I 

OC CHa 
, \/ 

I UJO-CH 


Neither formula, however, explains the intense colour or the easy 
dissociation of these products. There is therefore, of late, a tendency 
to regard the pheno-quinones and quinhydrones as loose molecular 
compounds, whose structure cannot be numerically expressed by changes 
of valency (B. 41 , 1463 ; pr. Ch. 2, 79 , 418). On an interpretation 
of quinhydrones as oxonium compounds, see B. 43 , 3603. 

Homologous p-Quinones. — They are produced (i) by the oxidation 
of the corresponding p-dioxy-benzenes or hydroquinones (even with 
ferric chloride), of the corresponding p-diamines, p-amido-phenols, such 
as amido-thymol and many other di-substitution products belonging to 
the p-series, with ferric chloride, chromic acid, and manganese dioxide 
and sulphuric acid. (2) Even mono-substituted alkyl-benzenes yield 
p-quinones, especially when they are oxidised with chromic acid. This 
is particularly true of ami do- and oxy-alkyl-benzenes or alkyl-phenols. 
Thus, o-toluidin yields tolu-quinone, while thymol and carvacrol 5neld 
thymo-quinone or thymo'il. Frequently an alkyl group will be dis- 
placed, favouring the p-quinone formation, and be replaced by oxygen 
— e.g. in the oxidation of amido-mesitylene (B. 18 , 1150) to m-xylo- 
quinone, and of pseudo-cumidin to p-xylo-qulnone. (3) p-Xylo- 
quinone and duro-quinone have been synthesised by the action of 
caustic potash upon the aliphatic a-diketones — diacetyl and acetyl-pro- 
pionyl. In this reaction quinogens are first produced; afterwards 
follow the p-quinones : 

CH3.CO.CO.CH, _ CH,.C(OH).CO.CH, CH3.C— CO.CH 

CH3CO.CO.CH, CHr-CO.CO.CH, *■ CH.CO.C.CH, 

Diacetyl Dimethyl-quinogen p-Xylo-quinone. 


p-Xylo-quinone or phlorone occurs in the tar of beechwood. 
Properties. — ^The homologous p-quinones are very similar to their 
prototype, benzo-quinone. They are also yellow-coloured, possess an 
odour similar to that of quinone, sublime readily, and behave chemi- 
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cally like p-benzo-quinone. They form quinhydrones, are easily 
reduced by sulphurous acid to p-hydroquinones, and combine to 
nitroso-phenols and quinone dioximes with hydroxylamine : 


Tohi-aidiione . 
o-Xylo-qninoiia . 
m-Zylo-qainooe . 
p-Xylo-qniiiQoe . 
o-Ethy]-bflOio-Qiiiiioiit . 
PiendcHniiDo-aiiinQn* 
Dmo-qniiione . 
Tbjma-qiiiiiaM . 


. CH,[x)C,H,[ 2, 5]0, ro.p. 

67® 

. 2]C.H,[3, 6)0, 

35* 

. (CH,),[i, 3]C.H.[2, 5)0, „ 

102 * 

. 4)C,H,[2, 5)0, „ 

X 23 ® 

(C,H,)[2)C,H,[i, 4)0, „ 

38 ° (B 28, R. 740 

(CH,),[i, 2 . 4 )C.H[ 3 , 6 ) 0 , 

II® (B. 27, 1430 ) 

(CH,).[i. 2 , 4 , 5 )C.( 3 . 6 ) 0 , 

xiz® (B. 29, 2171 . 42,4161) 

(CH,)(C,H,)(i, 4 )C,H,[ 2 , 5)0, „ 

45®, b p. 232 ®. 


When an ethereal solution of thymo-quinone is allowed to stand 
in sunlight for some time, polythymo-quinone» m.p. 200®, separates 
(B. 18 , 3195). See B. 29 , 2176, for diduro-quinone. 

Quinone Haloids are obtained by the substitution of quinones 
or by the oxidation of substituted hydroquinones. 

A mixture of tri- and tetrachloro-quinone, called chloranile, consists 
of bright-yellow flakes. It is obtained from many benzene compounds 
(aniline, phenol, isatin) by the action of chlorine or potassium chlorate 
and hydrochloric acid (B. 29 , R. 236). It oxidises, and serves as an 
oxidising agent in the manufacture of colouring matters. 

Trichloro- and tetrachloro-quinone are separated from one another 
by the insolubility of the latter in water. The chloro-quinones are 
obtained from chloro-hydroquinones by oxidation with nitric acid 
(A. 146 , 9 ; 210 , 45 ; 234 , 14) : 

Monoohloro-qninone m.p. 57® : Monobromo-qainone m.p. 55<’ 

[ 2 , 5 ]-Diohloro-qiiiiione 159*’ ; [ 2 , 6]-Dibromo-qainoiie „ 188** 

[ 2 , Bj-Dichloro-quixione 120^ ; [ 2 , oj-Dibromo-aoinone „ 122** 

Trichloro-aninone ». 166^ ; Tribromo-qninone 147'’ 

Tetrachloro-qainoiie Tetrabromo-quuioiie 

Dibromo-di-iodo-qninone m.p. 225*^ (B. 88, 555 )- 


PCI5 converts tetrachloro-quinone into phosphorus-containing deri- 
vatives CjCl5.0P0Cl2(?), and then into hexachloro-benzol (B. 24 , 927). 
It absorbs two atoms of chlorine and becomes hezachloro-p-diketo-R- 
hexene, which caustic soda resolves into dichloro-maleic acid and 
trichloro-ethylene. Potassium hydroxide converts trichloro-quinone 
and tetrachloro-quinone into potassium chloranilate, and tribromo- and 
tetrabromo-quinone into potassium bromanilate (see B. 32 , 1005). 

Amido-quinones. — Amido-quinone is obtained in the form of its 
aceto-compotmd CjH802(NHC0CH8), m.p. 142°, by oxidation of 
I, 3, 4-diacetamido-phenol, while the i, 4, 5-diacetamido-phenol yields 
2, 5-diainido-quinone C8H802r2, 5](NH2)2 (B. 80, 2096 ; 31, 2399). 

Chloranile-amide C8Cl2(NH8)202 is obtained from chloranilic acid. 
Aniline, acting upon a hot alcoholic solution of quinone, produces not 
only hydroquinone, but also dianUido-quinone, dianiltdo-quinone-anile, 
and •dtanile, as well as 2, 5-dioxy-i, 4«-quinone (see below). 

Quinone-monosulphonic acid C8H808(S08H), in yellow prisms, is 
formed by the oxidation of hydroquinone-suJphonic acid and of the 
two p-amido-phenol-sulphonic acids with PbOj in sulphuric acid solu- 
tion. The ammonium salt, golden plates, decomposes at 190^-195® 
{/. pr. Ch. 2, 69 , 334 ). 
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OXY-QUINONES AND POLYQUINOYLS. 

Bensene Oxy-quinones.— Methoxy-quinone CH30[2]CjH3 : O*. melt- 
ing at T40®, is produced by oxidising o-amido-anisol C3H4(NH2).O.CH3 
with chromic acid. 

Chloranllamic acid C3Cl2(NH2)(0H)02 is obtained from chloramie. 

2 , 6 *Dimethoxy-qulnone (CH30)2[2, bJC^HgOg, melting at 249®, 
results from the oxidation of tnmethyl-pyrogallol and trimethyl- phloro- 
glucin (B. 26 , 784). 

2 , S-Dioxy-quinone (HO)8[2. sjCeH^Oj is obtained from dioxy- 
quinone-dicarboxylic acid by boiling with hydrochloric acid, by the 
oxidation of diamido-resorcin (B. 21 , 2374 ; 22 , 1285), ^od by the 
action of dilute sulphuric acid upon dianilido-quinone (B. 28 , 904 ; 
31 , 2402) ; and from its ethers by saponification. 2, 5-dimethoxy-, 
diethoxy-, dipropoxy-quinone. m.p. 166°, 183®, and 187® respectively, 
generated from quinone by boiling with alcohols and zinc chloride 
(B. 34 , 3993). Treating with stannous chloride converts the 2, 5-dioxy- 
quinone into sym. tetraoxy- benzol, while aniline converts it into 
dianilido-quinone. Substitution products of 2, 5-dioxy-quinone have 
been obtained from tetrachloro- and tetrabromo-quinone as substances. 
Two of their halogen atoms are exchanged with extreme ease. 

Chloranilie acid C3Cl2(0H)202, reddish, shining scales, is separated 
by acids from potassium chloramlate C3Cl2(0K)202+H20, which 
crystallises in dark-red needles, dissolving with difficulty in water. 
Potassium chloranilate is produced as well from tn- as from tetrachloro- 
quinone by the action of caustic potash. Hypochlorous acid, or chlorine, 
acting upon chloranilie acid, produces tri- or tetrachloro-tetraketo-hexa- 
methylene, which change quite readily with the intermediate production 
of unstable oxy-acids iuiotnchloro- and tetrachloro-triketo-pentamethylene 
(B. 25 , 827. 842). 

Bromanilic acid C 3 Br 2 ( 0 H )202 corresponds to chloranilie acid, and 
with bromine yields similar transposition products to those obtained 
from it by the action of chlonne. 

Nitranilic acid C3(N02)202(0H)^. It crystallises with water in 
golden-yellow needles or plates, melts in its water of crystallisation, 
becomes anhydrous at 100®, and detonates at 170® without melting. 
It is obtained from hydroquinone and quinone by nitrous acid ; on 
conducting nitrous acid into an etheric quinone solution and cooling, 
nitranilic quinone is produced, C3N203H2.CgH402, a combination 
resembling a quinhydrone. decomposed by dilute potash into quinone 
and nitranilic acid (B. 38 , 3246). The latter is also generated from 
chloranile with sodium nitrite, and from terephthalic acid and dioxy- 
quinone-terephthalic acid by means of fuming nitric acid. When 
nitro-anilic acid is reduced, it yields diamido-tetraoxy-benzene, which 
renders possible the transition from chloranile to triquinoyl (see below), 
and potassium hexaoxy-benzene. 

Amido-anlllc acid, diamido-dioxy-quinone CfiN H2)2^0H reddish* 
blue needles, formed from diamido-tetraoxy-benzene by oxidation in 
the air or by nitrous acid. 

Potassium enthioHilironate C4(S03K),(0H)202. see Dichloro-hydro- 
quinone-disulphonic acid. 

Tetraoxy-quinone 04(03) (OH )4, formerly called dihydro-carboxylic 
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acid, is obtained by oxidising the aqueous solution of hexaoxy-benzenc 
by exposure to the air (B. 18 , 507, 1837). It may also b^ obtained 
from ^amido-dioxy-quinone by boiling with hydrochloric acid, as well 
as by the action of concentrated nitric acid upon inosite. Metallic 
black needles, with a green, metallic reflex. It is a strong dibasic acid. 

Nitro-dioxy-quinone-sulphonic acid CeN02(0H)202(S08H). Its tri- 
potassium salt, yellow needles, is produced by the action of K nitrite 
upon K-dichloro-hydroquinone disulphonate (B. 88, 453). 

Tetrathio-ethyl-quinone colourless prisms, m.p. 59®, 

from chloranil and sodium mercaptan (C. 1905, II. 1427). 

Homologous oxy-quinones result upon treating haloid quinone homo- 
logues with caustic potash, and on heating amido- or anilido-quinones 
with alcoholic hydrochloric acid or sulphuric acid. Dianilido-tolu- 
quinone, melting at 232®, yields anilido-oxy-tolu-quinone, decomposing 
at 250°, and dioxy-tolu-quinone CH3.C8H(0H)202, melting at 177® 
(B. 16 , 1559). Dioxy-m-xylo-quinone C8(CH3)20a(0H)2, red flakes, 
m.p. 167®, from amido-dimethyl-phloro-glucin (M. 21 , i). Oxy-thymo- 
quinone (C3H7)(CH3)C3H(OH) : O2, melting at 166®, is obtained from 
brom- or methyl-amido-thymo-quinone. Dioxy-thymo-quinone melts 
at 213® (B. 14 , 95). 

p-Dialkylated dioxy-quinones, like Pa-dimethyl-dioxy-benzo-quinone 

C3(CH3)2[3, 6](0H)2[2, 5]02[i, 4], are formed as by-products during 
the production of homologous oxal-acetic esters by condensation of 
oxalic ester with fatty acid esters by means of sodium in etheric solu- 
tion. They form red or yellowish-red compounds, dissolving in 
alkalies with a violet colour. By reduction they give homologous 
tetraoxy-benzols. On boiling with excess of soda lye, they are split 
up into formations of homologous succinic acids. Pa-Dimethyl, diethyl-, 
and di-iso-propyl-dioxy-benzo-quinone melt at 245®, 218®, and 154® 
respectively (A. 361 , 363). 

It is also very probable that pipitzaholc acid Ci5Hjg(OH) : Og, found 
in the root of Trixis pipiizahuac, and melting at 103®, belongs to the 
oxy-quinones, containing but one nucleus. It recalls, by its behaviour, 
oxy-thymo-quinone. Oxy-plpltzaholc acid CgHjg : Cg(OH)2 : Og (^), 
melts at 138® (A. 237 , 90). 

Polyquinoyl Compounds. — As mentioned under benzo-quinone 
(p. 226), Woskresensky originally called this compound quinoyl. 
Nietzki and Benckiser introduced this name in a different sense. They 
applied it to the quinone group Og, when they discovered dioxy- 
diquinoy 1-benzene and triquinoy 1-benzene to be bodies containing 
more than one quinone group O.^. For simplicity's sake they abridged 
these names to dioxy-diquinoyl and iriquinoyl, 

Dloxy-dlqulnoyl Cg( 02 )( 02 )( 0 H) 2 . called rhodizonic acid, is prepared 
by reducing triquinoyl with aqueous sulphurous acid (B. 18 , 513). It 
consists of colourless leaflets, very readily soluble in water. It decom- 
poses quite rapidly in aqueous solution. The potassium salt Cg04(0K)2 
may be obtained by treating the acid with potashes, and also by washing 
potassium-hexaoxy-benzene (potassium-carbon monoxide) with alcohol. 
It forms dark-blue needles, dissolving in water with an intense yellow 
colour (B. 18 , 1838). 

Consult B. 23 , 3140 for the constitution of rhodizonic acid. 

Triquinoyl CgOg-fSHgO is probably hexaketo-hexamethylene {B. 20 , 
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322). It results upon oxidising dioxy-diquinoyl and diamido-tetraoxy- 
benzene with nitric acid. It is a white, micro-crystalline powder (B. 18 , 
504 ; A. 850 , 330). It melts about 95°, giving up water and CO,. It 
is likewise decomposed by warming it with water to 90®. Stannous 
chloride reduces it to hexaoxy-benzene, which is oxidised in alkaline 
solution to tetraoxy-qiiinone Ce(0,)(0H)4 (see above). 

Nietzki and Benckiser (1885) discovered the relations existing 
between potassium-carbon monoxide and phenol. Compare the 
following : 


Phenol 

Ihtnchlaro-qiiinoDe 
Hitnnilic loid 
Dinmido-tetnMtxy-benskl 
Dinmido-diozy-Qninaoe 




C,H«OH 

C,C1,C1,0, 

,(N0,).(0H),0, 


C.(OK), 

C.(OH.)(OH),(OH), 


. ^ C,(0H),(0H),0, 

; C.(NH,),(OH),(OH),>/ C.(0H),0,0, 


I 


c;(N»,),(OH), 




CgO,0,0, 


Potanium-carbon 

monoxide 

Hexaoxy-benzene 

Tetraoxy -quinone 

Rhodizonic acid or 
Dioxy-diquinoyl 
TnquinoyL 


Addendum . — Pentacarbocyclic compounds are readily formed from 
triquinoyl and dioxy-diquinoyl, as well as from some hexa-substitution 
derivatives of benzene, from which these polyquinoyl bodies arise — e.g, 
hexaoxy-benzene, diamido-tetraoxy-benzene, etc. They will accord- 
ingly be discussed after the polyquinoyls. 

Croconic acid hydride €,1146, is formed upon treating rhodizonic 
acid with excessive alkali, or croconic acid with hydriodic acid. It is 
distinguished by its barium salt C4H,Ba05-l-2H20. Its formation is 
probably due to the breaking down of an unstable oxy-acid, produced 
by the action of the caustic alkali upon two of the combined CO-groups 
of the rhodizonic acid (see the rearrangement of benzilic acid) : 


HO.C.CO.CO 

I I 

HO.C CO CO 


/HOC CO 
(?)-► ( II 
^HOC.CO 


Kr'") 


HOC.CO 

II 

HOC.CO 



Rhodizonic acid Unstable ozy-add Croconic add hydride 

(B. 28. 3140) 


HOC.COv 

II >CO (?) 
HOC.CO/ 
Croconic add. 


Croconic acid C403(0H)2+3H,0 consists of sulphur-yellow leaflets ; 
it loses its water of crystallisation at 100®. It dissolves very readily 
in water and alcohol, and is produced by the alkaline oxidation of most 
of the hexa-substituted benzene derivatives — e.g. hexaoxy-benzene, 
dioxy-diquinoyl, diamido-tetraoxy-benzene, etc. The hydride of 
croconic acid is an intermediate product, which changes quite readily 
to the acid. Triquinoyl, when boiled with water, decomposes into 
carbon dioxide and croconic acid : 

C404-|-H,0 = C4H2O4+CO,. 

Its potassium salt CgO^Kj+sHjO crystallises in orange-yellow needles ; 
hence the name, from KpdKos, safran (Gmelin, 1825). When oxidised 
with nitric acid or chlorine the product is : 

Leuconlc acid C5O5+4H2O, pentaketo-cycUhpentane, which is recon- 
verted into croconic acid by sulphur dioxide. This acid bears the same 
relation to croconic acid that rhodizonic add bears to triquinoyl. It 
is very soluble in water, but dissolves with difficulty in alcohol and 
ether. It crystallises in small colourless needles. The penta-oxime 
N.OH),, decomposing at 172®, is isomeric with fulminic acid. 
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cyanic acid, cyanuric acid, and by reduction yields penta-amido-pentol 
C,H(NH2)®, pefUa-amido-cyclO‘pentadiene (B. 22 , 916). 

Quinone-nitrogen Derivatives. 

The quinone oxygen atoms can be replaced by N(OH), NCI, NH, 
NC^Hj, and similar groups. 

Quinone Dioximes. — In connection with the p-nitroso-phenols, and 
in the explanation of Fittig's diketone formula for p-quinone, it was 
indicated that many chemists regarded the p-nitroso-phenols, resulting 
from the action of hydroxylamine hydrochloride upon the p>quinones, 
as monoximes of the latter. Indeed, the p-nitroso-phenols, by action 
of hydroxylamine hydrochloride, change to p-quinone dioximes. It is 
true these two classes can be viewed as constituted according to the 
peroxide formula of the p-quinones. o-Quinone dioximes are formed 
by the reduction of o-dinitroso-benzols ; by splitting off water they 
easily pass into anhydrides, the so-called furazane derivatives (A. 
807 , 28). 

Their dioximes unite with acetic anhydride to diacetyl compounds. 
p-Diniiroso-benzols are produced by the oxidation of their alkaline 
solutions (also on exposure to the air). Nitric acid oxidises them to 
p-dinitro-benzols (B. 21 , 428). 

p-Quinone dioxime CjH4(N.OH)2 consists of colourless or yellow 
needles, which decompose at 240®. 

Tolu-quinone dioxime deflagrates at 220® (B. 21 , 679). p-Xyio- 
quinone dioxime melts at about 272® (B. 20 , 978). Mono- and dibenzoyl- 
quinone dioxime, see C. 1903, 1. 1409. 

o-Quinone dioxime C4H4[i, 2](NOH)2, small yellow needles, dissolves 
in alkalies with a blood-red colour, and passes into its colourless 
anhydride C4H4N2O on simply standing, or warming in alkaline solution 
(B. 40 , 4344). 

Dinitro-resorcin and hydroxylamine 5deld diquinoyl trioxime 
C4H20(N0H)3, and diquinoyi tetroxime CeH 2 (NOH) 4 . The latter, 
oxidised with sodium hypochlorite, yields tetranitroso-benzol (B. SO, 
181 ; 32 , 508). 

Quinone Imines are to be regarded as diketones, or as peroxides in 
which the oxygen is represented by the imino-group (: NH) or the 
alkyl-imino-group (: NR), corresponding to the formulae 

ca<Sh “ «■»•<!„ 

Quinone-mono-imine Quinone di-imine. 

They are formed from p-amido-phenol or p-phenylene-diamine, by 
gentle oxidation with silver oxide and lead peroxide in etheric solution. 
In contrast with the quinones, they are colourless and exceedingly 
imstable. They are strong oxidisers, smell like quinones, and are 
volatile. On warming with mineral acids they decompose into ammonia 
and quinone. By reduction with sulphurous acid or stannous chloride 
and HCl, they are reconverted into the original substances, p-amido- 
phenol and p-phenylene-diamine. Owing to the easy decomposition 
of the o-quinones, the isolation of the o-quinone imines, which are prob- 
ably even more unstable, has not been accomplished. The o-quinone 
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di-imine, probably first formed by the oxidation of o-phenylene- 
diamine, polymerises at once to o-azo-aniline. 


2C,H,{ 


[1] : NH 

[2] : NH 


C.H, 


/[i]N=N[i] 

\[2]NH,H,N[2] 


}c.H4 


(B. 88, 2348). 

Quinone mono-imine 0[i]CeH4[4]NH, colourless prismatic crystals, 
which quickly turn dark in solution, and decompose in a short time 
when diy" (B. 37 , 4607). 

Quinone monomethyl-imine 0 [i]C 4 H 4 [ 4 ]NCH 3 , formed by oxida- 
tion of p-methyl-amido-phenol OHC4H4NHCH3 with AggO or PbOj. 
It is still more imstable than the unmethylated imine, and deflagrates 
immediately on formation (B. 38 , 2251). 

Quinone di-imine NH[i]C4H4[4]NH, m.p. about 129°, is also formed 
by reduction of p-quinone dichlor-imine with HCl in etheric solution. 
It forms colourless monoclinic prisms, which are quickly browned 
in air (B. 37 , 4606). With sodium disulphite it unites to form a 
mixture of p>-amido-phenol-sulphonic acid and p-phenylene-diamine- 
sulphonic acid. 

Quinone monomethyl-di-imine NH[i]C4H4[4]NCH3, m.p. 64°-67®, 
and quinone dimethyl-di-imine CH8N[i]C4H4[4]NCH3, m.p. 93°, result, 
like the simple quinone di-imines, from the oxidation of monomethyl- 
or sym. dimethyl-p-phenylene-diamine. They form almost colourless 
crystals, dissolving with a light-yellow coloration. They are as 
unstable as the non-methylated quinone di-imine (B. 38 , 2249; 40 , 
2672). 

Unsym. quinone-dimethyl-di-imonium nitrate NH : [i]CeH4[4] : 
N(CH3)2N03, HNO3 is obtained in the form of very unstable light- 
yellow prisms by the oxidation of unsym. dimethyl-p-phcnylene- 
diamine with nitrous gases. It decomposes rapidly, and deflagrates 
on heating. With one molecule of its hydro-compound the uns\m- 
metrical dimethyl-p-phenylene-diaminc, it unites to form a body, 
[NO3NH2 : C4H4 : N(CH3)2N08+NH3C4H4N(CH3) J, of a structure 
resembling quinhydrone, green crj^stdls dissolving in water with a 
red fuchsme coloration. These interesting compounds, called 
Wufsier's red after their discoverer, result from the partial oxidation 
of salts of unsym. dimethyl-p-phenylene-diamine (B. 12 , 1803, 2071). 
The corresp)onding bromo-hydrate, m.p. 147° with decomposition, in 
green crystals, results from the action of one atom bromine upon 
unsym. dimethyl-p-phenylene-diamine in glacial acetic acid solution. 
Reducers bleach the deep-red solution, with formation of phenylene- 
diamine. Oxidisers do the same, and form the entirely quinoid com- 
poimd (B. 41 , 1458). 

Analogous blue compounds are obtained by starting from tetra- 
methyl-p-phenylene-diamine {yVurster^s blue, B. 12 , 1807 ; 41 , 1473). 
Unstable oxidation products coloured an intense green, or blue, have 
also been obtained from p-phenylene-diamine and dibromo-p-phenylene- 
diamine (C. 1904, 1 . 1073 ; B. 88, 3354). 

Amido-quinone imine NH2[2]C4H3[i]0[4]NH and its homologues 
are formed by oxidation of 2, 4-diamido-phenols with ferric chloride. 
The bichromate forms greenish-black, brilliant grains, dissolving in 
water with a red colour (B. 89 , 3437). 
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Dlamido-quloone Imioe is obtained from 

triamido-phenol (A. 216 , 351). 

Qainone Chlorlmlnes.— They are produced from p-amido-phenols 
and p-phenylene-diamines (their HCl salts) by oxidation with an 
aqueous solution of bleaching lime They revert to p-amido-phenols 
or p-phenylene-diamines upon reduction. The monochlonmines form 
the indo-phenol dyestuffs with phenols and tertiary anilines. 

Qulnone monochlortmiae 0[[]CeH4[4]NCl forms golden-yellow 
crystals, which melt at 85®. volatilise readily with steam, and smell 
like quinone. It is easily soluble in hot water, alcohol, and ether. 
When boiled with water it decomposes into NH^Cl and quinone (/. 
pr. Ch. 2. 28 , 435). 

Quinone dichlorimfne C4H4[r. 4](N2Cl4) crystallises in needles 
which deflagrate at 124° (B. 12, 47). 

Triehloro-quinone chlorlmlne. m p. ttS*' ( ]. pr, Ch 2. 24 , 429). 

Dibromo-qulnone chlorlmlne, m p. 80'’ (B 16, 2845}. 

Qulnone-phenyi-hydrazones.— While phenyl-hydrazin and alkylated 
phenyl-hydrazins are oxidised by quinone. o-nitro- and o, p-dinitro- 
phenyl-hydrazins give condensation products which may be interpreted 
as p-oxy-azo-compounds, being identical with the coupling products 
of diazotised o-nitro- or o. p-dinitraniline and phenol (A 357 , ryi). 
With a-acetyl- and benzoyl-phenyl-hydrazins. on the other hand, true 
quinone-phenyl-hydrazones are generated. 

Quinone - acetyl- and benzoyl - phenyl - hydrazone O : C4H4 : NN 
(Ac)C 4H5, m.p. 1 18® and 171® respectively, which, however, are easily 
transposed into the acylated p-oxy-azo-com pounds ACOC4H4N2C4H5 
(B. 40 , 1432). This reaction has acquired a special importance for 
determining the constitution oi the oxy-azo-compounds. The 0- 
qulnone-benzoyl-phenyl-hydrazone (?) yields, by its hydrolytic decom- 
position. o-oxy-azo-benzol (C. 1909, 1 . 1093). 

Qulnone-oxlme-hydrazones result from the action of benzoyl-hydra- 
zin and benzoyl -phenyl-hydrazin upon nitroso-phenols Quinone- 
oxlme-benzoyl-hydrazone (HON) : CeH4 . NNH COCgHs, m p. 210** 
with decomposition. Qulnone-oxlme- benzoyl- phenyl-hydrazone (HON). 
QH4 ; NN(COC4H5)CeH5, on boiling with HNO3, yields p-nitro-azo- 
benzol (A 848 , 176). 

Quinone seml-carbazone and Amldo-guanldone.— The qumones 
react more readily with semi -car bazide and with amido-guanidin than 
with phenyl-hydrazin. Quinone mono- and bl-seml-carbazone C4H4O 
(NNHCONH3) and C4H4(NNHCONH3)^, m.p 171'" and 243" respect- 
ively, are obtained from quinone and HCl semi-carbazide, Quinone 
mono- and bls-amldo-guanldone CeH40[NNHC(NH)NH2J and C4H4 
[NNHC(NH)NH,], are obtained from amido-guanidin nitrate and 
quinone in the presence of nitric acid (A 302 , 31 1) The quinone 
mono-semi -car bazone and mono-amido-guanidone are probably oxy- 
azo-compounds (A. 834 , 143). 

Quinone Azines. — p-Qumone aunt 0[4jCeH4[i]N.N[i]C4H4[4]0 
deflagrates at 158®. It is formed by oxidation of p-azo-phenol 
with Ag ,0 and PbO, in etheric solution It is obtained in the 
form of dark orange prisms or dark yellow rhombohedral flakes. 
It is stable in air, and is odourless and not volatile. Reduction with 
sulphurous acid or phenyl-hydrazin reconverts it into p-azo-phenol, 
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while stannous chloride and HCl produce p-amido-phenol. With one 
molecule of p-azo-phenol it combines to form a compound resembling 
quinhydrone, blue-black needles of m.p. 182®, also obtainable by direct 
oxidation of p-azo-phenol. o- and m-Azo-phenol yield no quinone 
azines. 


Quinone Diazides. — It has been already pointed out in connection 
with the diazo-salts of the o- and p-amido-phenols that the correspond- 
ing diazo-hydrates easily pass into yellow anhydrides related to the 
quinones, and probably interpretable as 0- and p-quinone diazides 

: 0. Similar behaviour is shown by the diazonium salts of 


p-amido-diphenyl-amine NH|C0H4NHCeH(, which, on treatment with 


N\ 

ammonia, form p-qulnone diazide anile ^^€4114 : NC4H4 (B. 85 , 888). 

Quinone-phenyl mono-imine, quinone monoanil ^ 

C4H4^^ ^ , m.p. 97®, consists of fiery-red crystals. It is formed 

upon oxidising p-oxy-diphenyl-amine in benzene solution with mercuric 
oxide, and upon reduction reverts to the same (B. 21 , R. 434). 

Indo-phenols and Indo-anilines. — These compounds are obtained 
from quinone monoanile or quinone phenyl-imide by replacing the 
p-hydrogen atom of the anile group by an OH or an NHg group. 
They are dyes. Like many members of this class, they are de- 
colorised by the addition of hydrogen. The resulting bodies are 
leuco-compounds, p-di-substitut^ diphenyl-amines. (Nomenclature, 
B. 29 , R. 94.) 

Indo-phenols are produced (i) by allowing the quinone chlorimines 
to act upon phenols ; (2) by oxidising a mixture of a p-amido-phenol 
and phenol. They dissdve in alcohol with a red colour, and possess 
a character similar to phenol. Their salts, with the alkalies and am- 
monia, dissolve in water with a blue colour. 


Quinone phenoMmine CgH 


/N.C4H4OH 




also results upon heating 


phenol blue \rith soda lye (B. 18 , 2916), but, owing to its instability, 
cannot be obtained in a free condition. By reduction it changes to 
colourless p-dioxy-diphenyl-amine from which it can be recovered by 

yN.C 4 H 40 H 

HgO (B. 82 , 689). Dibromo-quinone phenol-imlne C4H4Br4< 1 

\o 

from dibromo-quinone chlorimine, is more stable than quinone-phenol- 
imine. Free dibromo-phenol-imine crystallises in dark-red prisms 
havii^ a metallic lustre ; they dissolve in alcohol and ether with a 
fuchsine-red colour. Strong mineral acids decompose it into dibromo- 
phenol and quinone. 

The Indo-aniUnes are produced (i) by the action of quinone chlori- 
mine upon dimethyl-aniline in alcoholic solution ; (2) by the action 
of nitroso- and nitro-dimethyl-aniline upon phenol in alkaline solution, 
especially in the presence of reducing agents (Witt, 1879) I ( 3 ) 
oxidation in alkaline solution (with sodium h3q)ochlorite) of a mixture 
of a p-phenylene-(hamine with a phenol, or of a p-amido-phenol with 
a primary monamine, or by means of lead peroxide or manganese 
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peroxide in the presence of di-sodium phosphate (1877, Nietzki ; B. 
28 , R. 470 ; C. 1908, 1 . 437 ; 1906, 11 . 477). 

The indo-anilines are feeble bases. They are rather stable towards 
the alkalies ; acids quickly decompose them into quinones and the 
p-phenylene-diamines. They are changed to the leuco-compounds ; 
amido-oxy-diphenyl-amines, by reduction (absorption of two hydrogen 
atoms) ; these dissolve readily in alkalies, and are readily reconverted 
(oxidised) into indo-anilines (by exposure of their alkaline solution 
to the air). The free indo-anilines have a deep-blue colour, and can 
be applied as dyestuffs. For this purpose they are converted into 
their alkaline leuco-derivatives, which are soluble, and the material 
is impregnated or printed with these. Oxidation (by exposure to the 
air or with K-CroO,) develops the colour. The simplest aniline is 

qulnone anilin-lmlne C«H4<; i , a violet dye, formed by the 

\o 

oxidation of p-phenylene-diamine CgH4(NH2)2 ^th phenol. Qulnone 

dimethyl-anilin-imine (phenol blue) • • ' — 

unsym. dimethyl -p-phenylene-diamine and phenol. It has a greenish- 
blue colour and dissolves in acids with a blue colour. When boiled 
with soda lye it splits off dimethyl-amine and becomes quinone-pheno- 
limine. Sulphuric acid decomposes it into quinone and dimethyl-p- 
phenylene-diamine. This is a general reaction, hence can be used 
opportunely for the preparation of quinones (B. 28 , R. 471 ; 29 , R. 24). 

Quinone Phenyl-di-imines. 

Qulnone monophenyl-dl-lmlne QH^N : CeH^ : NH, light-yellow 
prisms, m.p. 89°, by oxidation of p-amido-diphenyl-amine with silver 
oxide or lead peroxide in etheric solution. It is also formed, besides 
quinone monoanile, during the gentle oxidation of aniline in an aqueous 
alkaline solution. Water splits it up, even when cold, into ammonia 
and quinone monoanile. On heating with dilute sulphuric acid it 
passes into quinone. Mineral acids readily polymerise it to form a 
green dye, emeraldin. The latter is also formed when p-amdo- 
diphenyl-amine is oxidised in an acid solution with ferric chloride or 
hydrogen peroxide, also by reduction of nitro-benzol in a hydrofluo- 
silicic acid solution, the body first formed being p-amido-diphenyl- 
amine. The free base separated from emeraldin, the so-called azurin, 
m.p. 165°, forms deep-blue prisms, and probably has the con- 
stitution CeH5NH.C2H4NH.C,H4N : CeH4 : NH. By oxidation with lead 
peroxide in benzene solution this hall-quinoid azurin or emeraldin, 
respectively, may pass into a doubly quinoid red imine C4H4N : 
CeH4N : CeH4N : CeH4 : NH, which, after the manner of quinone 
monophenyl-di-imine, polymerises, under various conditions, to a 
black dye called aniline black (B. 40 , 2665 : 42 , 4123). 

Aniline black* is one of the oldest known organic dyestuffs, and is 
distinguished by its permanence. It is formed by the oxidation of 
aniline salts with potassium bichromate and sulphuric acid, ammonium 

* E. Noelting and R. Lehnc, Anilinschwart und s$%ne Anwendung in Fdtbevei 
und ZeugdrucM, 2nd ed., Berlin, 1904, Springer. 
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persulphate, or potassium chlorate, in the presence of oxygen carriers 
such as copper sulphate, potassium ferrocyanide, ammonium vanadate, 
etc. In its applications to cotton-dyeing aniline black is produced in 
the fibre, by printing the fabric with a mixture of aniline salt and one 
of the above-mentioned oxidisers, and then developing the dye by 
steaming at a low temperature. 

Aniline black has a relation to the red oxidation product of emer- 
aldin, resembling the relation between emeraldin and quinone mono- 
phenyl-di-imine. It cannot be looked upon as a unitary compound. 
It consists of a mixture varying with the degree of oxidation, a triple 
or quadruple quinoid combination, to which the following constitu- 
tional formulae are attributed : 

T. CaH,N : NC.HaNHC.HaNHCaHaN : : C.Ha : NH. 

TI, CeH,N . C,H4 NC.HaN . CaH, : NCaH.N : C.Ha : NXaH.N : C,Ha . NH. 

On heating with dilute H2SO4, one-eighth of the total nitrogen is 
split off in the form of ammonia, the imino-group being replaced by 
oxygen. This is accompanied by an increase in the depth of the colour. 
These oxygen-bearing substances are contained in aniline black in 
proportions varying according to the method of preparation. Strong 
oxidation with chromic acid or lead peroxide and H2SO4 converts it 
almost quantitatively into quinone (B. 42 , 2147, 4118). 

Quinone diphenyl - di - imine, diphenyl - /> - azo - phenylene, quinone 
dianile C4H4(NC«H5), m.p. 176®- 180", is obtained by the oxidation 
of diphenyl-amine and diphenyl-p-phenylene-diamine (B. 21, R. 656). 
By reduction, quinone dianile passes into diphenyl-p-phenylene-di- 
amine, with which it is related as quinone is to hydroquinone. 

Two phenyl-amido-groups may be introduced into the benzene 
residue of quinone anile and quinone dianile with the same facility as 
into quinone itself, which, as mentioned before, gives rise to di-anilido- 
quinone and hydroquinone on boiling its alcoholic solution with aniline. 
If acetic acid is present (B 18, 787), dianilido-quinone anile is formed, 
(C4H5NH)2CeH2(0)(NC4H5), m.p. 202®. brownisli-red needles. This is 
also formed on heating quinone m^nu-anil with aniline besides p-oxy- 
diphenyl-amine (B. 21, R. 656) and on oxidising aniline with H2O2 in a 
feebly acid solution (B. 15, 3574 ). 

DianiUdo-qoinone dianUe, azo-phemn (CgH5NH)2CeH2(NCeH5)2, m.p. 
241®. gamet-red flakes, results (i) on heating quinone dianile with 
aniline (B. 21 , R. 656) : (2) on melting quinone with aniline and aniline 
chlorohydrate (B. 21 , 683) : (3) from amido-azo-benzol, p-nitroso- 
phenol. p-nitroso-diphenyl-amine by the action of aniline (B. 20 , 2480). 
On heating it is converted into fluorindin (B. 28 , 2791 ; 81, 1789). 

The quinone dianiles are important links in the formation of 
indulin dyes (B. 25 , 2731 : A, 262 , 247). 

Indamines,— -These are derived from the indo-anilines by the re- 
placement of the quinone-oxygen atom by the imido- or alkyl-imido- 
group. They are therefore derivatives of the unknown quinone di- 
imide, and bear an intimate relation to p-diamido-diphenyl-amine, 
which is formed by the reduction of the simplest indamine and is the 
leuco-derivative of the latter. 

The indamines arise (i) by oxidation, in neutral solution and in the 
cold, of a mixture of a p-phenylene-diamine with an aniline (Nietzki), 
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or (2) by the action ot nitroso-dimethyl-aniline upon anilines pr m-di- 
amines (Witt). They are feeble bases, forming blue- or green-coloured 
salts with acids ; but with an excess of the latter are very easily split up 
into quinone and the diamine. Because of their instability they find 
no application, and are only important as intermediate products in the 
manufacture of thionin and safranin dyestuffs (into which they can be 
readily transposed). For the relations of the indo-phenols, indanilines, 
and indamines to the dyes of the oxazin-, thiazin-, and diazin-stnts — 
e.g, resorufin, methylene blue — the indulins and safranins, see the 
latter. The simplest indamine is : 

/N.CeH^NH, 

Phenylene blue CgH*/ 1 . This is produced by the oxida- 

^NH 

tion of p-phenylene-diamine with aniline. Its salts are greenish-blue 
in colour. It 3delds diamido-diphenyl-amine by reduction. Its tetra- 
methyl derivative is : 

Dimethyl-phenylene green (Bindschedler's green). 

I \Celi 4 .JN(L.ri 8 ),L/l 

This is obtained by oxidising dimethyl-paraphenylene-diamine with 
di methyl-aniline. Its salts dissolve in water with a beautiful green 
colour. Its reduction 5nelds tetramethyl-diamido-diphenyl-amine. 
Digestion with dilute acids resolves it into quinone and dimethyl-amine 
(B. 16 , 865 ; 17 , 223). On standing with soda lye, dimethyl-amine 
splits off and phenol blue is produced ; this further separates into 
quinone phenol-imide (B. 18 , 2915). 

Toluylene blue ordinary toluylene- 

I * ^ I * 

diamine by oxidising it mixed with dimethyl-p-phenylene-diamine, 01 
by the action of HCl-nitroso-dimethyl-aniline. Its salts with one equi- 
valent of acid are of a beautiful blue colour, and are decolorised by 
an excess of mineral acids with formation of the diacid salts. It is 
converted into toluylene red on boiling with water. 

The genetic connection of the indamines with the indo-anilines and 
indo-phenol is shown in the possibility of converting the simplest ind- 
amine into quinone-aniline-imine, and the latter into quinone-phenol- 
imine (Mohlau, B. 16 , 2843 ; 18 , 2915). 

Representatives of the indo-phenols, indo-anilines, and indamines 
containing the naphthalin residue are also known in great numbers, 
and many, like naphthol blue [q,v.) or ** indo-phenol” have been applied 
technically (B. 18 , 2916). 

On quinoid sulphur compounds, see B. 40 , 3039 ; 41 , 902. 


9. Phenyl-paraflDn Aleohols and their Oxidation Products. 

In the preceding sections those classes of aromatic hydrocarbons 
containing one nucleus were described, w’hich resulted from the sub- 
stitution of the hydrogen atoms of benzene or the benzene residue of 
the alkyl-benzenes by atoms of other elements or by atomic ^oups : 
tlie halogen substitution products, the nitrogen-containing derivatives 
of the benzene hydrocarbons, the aromatic phosphorus, arsenic, anti- 
mony, bismuth, boron, silicon, and tin derivatives, the phenyl metal 



340 ORGANIC CHEMISTRY 

compounds, the sulph(Micids and their relatives, the phenols, and the 
quinones. 

Attached to these are those classes of bodies formed by the replace- 
ment of hydrogen atoms in the side groups of the alkyl-benzols. As in 
the aliphatic series, the oxygen-containing products are considered the 
most important. Each class of these derivatives is followed by the 
corresponding halogen, sulphur, and nitrogen compounds, in which all, 
or at least a part, of the carbon valences, saturated in the principal 
compounds by oxygen, are taken up with the elements just named. 
Prominent among these, as with the aliphatic derivatives, are those 
bodies in which one carbon atom of an alkyl side chain is combined 
with oxygen : 

(la) The monohydric phenyl-paraffin alcohols and their oxidation 
products : aldehydes, ketones, carboxylic acids. 

Naturally these compounds, as far as the reactivity of the aliphatic 
residue is concerned, manifest great similarity to the monohydric ali- 
phatic alcohols and their oxidation products (Vol. I.). This is recalled 
by their nomenclature and the view that they are phenyl-substitution 
products of aliphatic substances. 

Each of these alkyl-benzene derivatives constitutes a fundamental 
substance from which, by the replacement of hydrogen atoms of the 
phenyl residue, as with benzene itself, numerous derivatives can be 
deduced. In general the benzene substitution products of the phenyl 
fatty bodies, so far as they are worth mention, will be introduced after 
the corresponding principal bodies. Only the derivatives of mono- 
hydric aromatic alcohols, having hydroxyl in their benzene residue, 
and their oxidation products, which manifest at the same time a phenol 
character, will be grouped together as : 

(i&) Monohydric oxy-phenyl-paraffin alcohols and their oxidation 
products. 

Then will follow ( 2 ) polyhydne phenyl-paraffin alcohols, in which but 
one hydroxyl group is joined to a side chain, and their oxidation products. 
The conclusion of this section will be ( 3 ) polyhydne phenyl-paraffin 
alcohols, in which more than one hydroxyt group is attached to a side chain, 
and thc^r oxidation products. 

In the subsequent sections the mononuclear derivatives with 
unsaturated side chains will be summarised. 

{a) Monohydric Phenyl-paraffin Alcohols and their 
Oxidation Products. 

I. Monohydric Phenyl-paraffln Alcohols. — The true alcohols of the 
benzene series are produced by the entrance of an hydroxyl group 
into the side chain of an alkyl-benzol, — primary, secondary, and tertiary. 
The primary alcohols, upon oxidation, yield aldehydes and acids. The 
secondary change to ketones : 

I Benzyl alcohol C,H,CH,OH I Phcnyl-mcthyl-carbinol C,HgCH(OH)CH| 

I Benzaldehyde C«H,CHO Acetophenone • • C^H^COCHy. 

I Benzoic acid CgH^COOH. 

Formation. — ^The similarity of benzyl alcohol and its homologues 
to ethyl alcohol finds expression at the very outset in the methods of 
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producing both classes : — (i) by saponification of alkyl-ben^ls con- 
taining an halogen atom in the side chain — ^the haloid acid esters of 
the benzyl alcohols — e,g, benzyl chloride with water alone (A. 196, 353), 
with water and lead oxide (A. 148, 81), or with potashes. Benzyl 
alcohols are also produced by converting the chlorides into acetates 
and saponifying the latter. 

(2) By the action of nitrous acid upon primary amines, the reduction 
products of aromatic acid nitriles — e,g, cumo- and hemimelli-benzyl 
alcohol. 

(3) By the action of nascent hydrogen on the corresponding alde- 
hydes and ketones. 

(4) The phenyl-paraffin alcohols are obtained from the aromatic 
aldehydes by treating with alcoholic or aqueous potash. This reaction, 
in which the corresponding carboxylic acids are also formed, occurs 
only exceptionally in the paraffin ^dehydes (B. 14, 2394 ; C. 1902, 
I. 1212) ; from two molecules benzaldehyde, benzyl alcohol and 
potassium benzoate are produced, benzoic benzyl ester being probably 
an intermediate product (C. 1899, II. iiii) : 

2C,H*CH0 — ► C,H,COOCH,C,H, — - C,H,COOK+C,H,CH,OH. 

(5a) From the aromatic carboxylic acids or their esters by electro- 
lytic reduction in alcoholic sulphuric-acid solution, with great excess 
of cathode voltage. The reduction of the acid esters leads simul- 
taneously to the formation of the corresponding ethers ; benzoic 
methyl ester gives benzyl alcohol and benzyl-methyl ether C^H^CH, 
OCH, (B. 38, 1745 ; 89, 2933 ; C. 1908, II. 1863). 

(56) From the esters of the phenyl fatty acids (except benzoic acid) 
by reduction with sodium and alcohol (German patent 164,294). 

(5c) By reducing amides of aromatic carboxylic acids, containing 
the carboxylic group attached to the benzene nucleus, with sodium 
amalgam in acid solution (B. 24, 173). 

(6) By the reduction of unsaturated alcohols. Cinnamyl alcohol 
CjH5CH=CH.CHjOH becomes hydro-cinnamyl alcohol 

CHgOH (see AUyl Alcohol). 

(7) They are formed in the nuclear synthesis by the action of 

metallic alkylates upon aldehydes, ketones, acid esters or acid chlorides, 
and halogen hydrins. Thus (a) phenyl-magnesium bromide and 
acetone yield phenyl-dimethyl-carbinol CjH5C(OH) (CH3) ^ ; (6) aromatic 
aldehydes, ketones, acid esters, or chlorides with zinc alkyls, and 
especially magnesium-alkyl haloids (Vol. I.), give secondary and 
tertiary phenyl-paraffin alcohols, the latter easily losing water, and 
passing into olefin benzols (C. 1901, I. 1357 '» 623 ; B. 35, 2633) ; 

(c) phenyl-magnesium bromide and ethylene chlorohydiin yield phenyl- 
ethyl alcohol C3H5CH2CH20H (C. 1907, I. 1033). 

Benzyl alcohol, phenyl^carbinol {phenyl^mcthylol] C^H^CHgOH, b.p. 
206°, with specific gravity 1-062 (or), is isomeric with the cresols. It 
occurs as benzoic ester and benzyl-cinnamic ester in the balsams of 
Peru and Tolu, and in storax (A. 169 , 289) : as an acetic ester, and 
sometimes free in certain etheric oils, e.g, the oil of jasmine flowers 
(B. 82. 567). 

It is produced by the methods (i), (2), (3), (4), (5a), and (5c), given 
VOL. II. B 
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above, from benzaldehyde, benzyl chloride, benzoic acid, and benz- 
amide. Reactions (i) and (3) are used as methods of preparation. It 
is a colourless liquid, with a faint aromatic odour. It dissolves with 
difficulty in water, but readily in alcohol and ether. It yields bcnz- 
aldehyde and benzoic acid when oxidised. On heating with hydro- 
chloric acid or hydrobromic acid, the OH group is replaced by halogens. 
Benzoic acid and toluol result on distilling it with concentrated potash. 

History , — As early as 1832 Liebig and Wohler, in the course of 
their celebrated investigation upon the radical benzoyl, obtained 
this alcohol as the result of the interaction of alcoholic potash and 
benzaldehyde (A. 8, 254, 261). Cannizzaro (1853) was the first to 
discover the alcohol in studying this reaction. 

Homologous Phenyl-paraffln Alcohols. — The primary alcohols are 
chiefly made by methods (i), (2), (3), (4), (5a), (5b), (5c), and (yc) ; 
hydro-cinnamyl alcohol b}^ method (6) ; the secondary alcohols by 
method (i), or by the reduction of the ketones according to method (3), 
and the tertiary alcohol‘s, like benzyl-dimethyl carbinol, by method (7). 
Nucleus homologous benzyl alcohols ; 

M.p. 

o-Tolyl carbinol . CH3[2]CjH4[i]CH,OH 34® 

m-Tolyl carbinol . CH3[3lC4H4[i]CIl20H liquid 
p-Tolyl carbinol . CH3[4]C4H4[i]CH,.OH 59® 

2 , 4-Dimethyl-benzyl 

alcohol . ^ . (CH3)*[2. 4]C4H3 [i]CH2.0H 22® 

3, 5-Mesityl alcohol . (CH3),[3, 5]C4H3[i]CH|.OH liquid 

2, 4, 5-Cumo-benzyl al- 

cohol . . (CH3)8[2,4.5]C4Hg[i]CH,.OH 168® 

3, 4 1 5-Hemimelli- benzyl 

alcohol . . (CH3)3[3.4,5]C.H2 [i]CH,.OH 78" 

Melhthyl alcohol (^^3)504 CH,OH 160® 

p-Cumin alcohol . (CH3)2CH[4]C4H4[i]CH2.0H .. 

Other homologues are the phenvl-f^tJur alcohols : 

Benzyl carbinol C^HgCH^.CHjOH, ^-phenyl-ethyl alcohol, a main 
constituent of the etheric oil of roses (B. 84, 2803), boils at 219® 
(B. 9, ^jz). 

Phenyl-methyl carbinol C.H5.CH(OH)CHj boils at 203°, from 
benzaldehyde and CH,MgI (C. 1901, II. 623). 

0-, m-, and p-tolyl-ethyl alcohol CH3C,H4CH2CH,OH, b.p. 243-5®, 
243“, and 245°, from the tolyl-magnesium bromides with ethylene 
chlorohydrin (C. 1907, I. 1033), or by electrolytic reduction of the 
three isomeric tolyl-acctic acids (C. 1908, II. 1863). 

Phenyl-propyl Alcohols. — Hydro-cinnamyl alcohol C.Hj.CHj.CIf,. 
CHjOH boils at 235°. It is obtained from its cinnamic acid ester, 
which is present in storax (A. 188, 202). Benzyl-methyl carbinol 
C4H,.CHj.CH(OH).CH 3 boils at 215°. Phenyl-ethyl carbinol C,Hj 
CH(0H)CH2CH„ b.p. 221°, obtained like phenyl-propyl. 

Phenyl-iso-propyl, phenyl-iso-butyl, and phenyl-iso-amyl carbinol, 
b.p. 10 114°, b.p.j, 113°, b.p., 122° and b.p., 132° respectively, from 
benzaldehyde, with the corresponding alkyl-magnesium iodides 
(C. 1901, II. 623), 

Phenyl-dimethyl carbinol C,H,C(OH)(CH,),, m.p. 23°, b.p.,, 94°, 


Bp. 



223® 

(B. 

24 , 174) 

217® 

(B 

. 18 . R 06) 

217® 

(A 

. 124 , 255) 

232® 

(B 

21, 3^85) 

220® 

(B 

16 , 1577) 

.. 1 
( 

>(B 

24 , 2411) 

.. ) 

(B 

22, 1217) 
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is obtained from phenyl-magnesium bromide with acetone^, or from 
aceto-phenone and benzoic methyl ester with magnesium-methyl 
iodide. Benzyl-dimethyl carbinol CgH5.CH,.C(OH)(CH3)2, m.p. 21®, 
b.p. 225°. For further dialkyl-benzyl carbinols, see C. 1904, I. 1496. 

Derivatives OF the Phenyl-parafhn Alcohols. — Haloid Esters, 
— Benzyl chloride and benzyl bromide are produced when chlorine or 
bromine acts upon boiling toluol (Beilstein, A. 143 , 369). The action 
is favoured by sunlight (C. 1898, 1. 1019). Benzyl chloride, bromide, 
and iodide are also formed from benzyl alcohol and the haloid acids, 
and benzyl iodide by the action of potassium iodide upon benzyl 
chloride (A. 224 , 126) : 

Benzyl chloride . . C^Hg.CHgCl liquid b.p. 176® 

Benzyl bromide . . C^Hg.CHjBr „ „ 210® 

Benzyl iodide . C^Hg.CH,! melts at 24® and decomposes. 


Benzyl chloride, isomeric with the three chloro-toluols, is an im- 
portant reagent, by means of which numerous derivatives of benzyl 
alcohol have been prepared, as its chlorine atom is readily exchanged. 
It passes into benzyl alcohol when boiled with water. Heated with 
water and lead nitrate it yields benzaldehyde, and by oxidation 
benzoic acid : 


C^HgCHa 


CiHj.CHjCl— { 


C,Hj.CH,OH 

CjHj.CHO ► CeHjCOOH. 


The following ethers have been made by the action of sodium 
alcoholates upon benzyl chloride, or by electrolytic reduction of benzoic 
esters (B. 38 , 1752). Benzyl-methyl ether boils at 168®, obtained from 
phenyl-magnesium bromide and monochloro-methyl ether (C. 1908, 
1. 716). The ethyl ether boils at 185®. The benzyl ether (A. 241 , 374) 
{CeH5CH2)20, boiling at 296®, results from the action of boron trioxide 
upon benzyl alcohol. Mcthylene-dlbenzyl ether CH2(OCH2.CaH2)2 
(A. 240 , 200). Benzyl-arablnoslde CaH2O5.CH2.CeH5 melts at 172® 
(B. 27 , 2482). Benzyl-phenyl ether melts at 39® and Iwils at 287®. 

Homologous Phenyl-alkyl Chlorides, — a-Chlorethyl benzol C5H5CHCI. 
CHg boils at 194® : cp. B. 89 , 2209. (a>-) j8-Chlorethyl benzol C5H5. 
CHg.CHjCl, boils at 93® (17 mm.). 0-, m-, p-Hethyl-benzyl chloride 
CH3.C5H4CH2CI boil at 198®, 195®, and 192® respectively. a-Chloro- 
propyl benzol C5H5.CHCl.CH2.CH3 and fi-chloro-propyl benzol C5H5. 
CH2CHCICH3 boil about 203®-207®, witn the splitting off of hydro- 
chloric acid and the production of a-phenyl-propylene C5H5.CH : 
CH.CH3 and allyl benzol C5H5CH2CH=CH2 co-Bromo-propyl benzol 
C5H5CH2.CH2.CH2Br, b.p.„ 109® (B. 48 , 178). 

Benzyl phosphates : the mono- melts at 78®, the di- is liquid, and 
the tri- melts at 64® (A. 262 , 211). Benzyl-sulphuric acid C5H5CH2. 
OSOjH, formed besides dibenzyl formal CH2(OCH2C5H5)2 from benzyl 
alcohol and methylene sulphate SO4 : CHj (C. 1900, 1 . loi, 249). 
Benzyl nitrite C5H5CH2ONO, b.p.35 81®, from benzyl alcohol and HNO, 
in aqueous solution (B. 84 , 755). 

Esters of Carboxylic Acid.— Benzyl acetate C5H5CH2.O.CO.CH3, b.p. 
216®. The action of sodium upon the benzyl esters of the fatty acids 
is peculiar, and tends to the formation of benzyl esters of higher phenyl 
fatty acids {q.v.). Benzyl acetate yields phenyl-propionic benzyl ester. 
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Dibeniyl oxalate (C,H,.CH,O.CO), melts at 8o”. 

Sulphur Derivatives of Benzyl Alcohol are formed just like 
the sulphur compounds of the fatty alcohols. 

Benxyl sulphydrate, benxyl mercaptan C,H,.CH,.SH. It is a liquid 
with a leek-like odour ; boils at 194°, and at 20® has a specific gravity 
=:1-058 (A. 140 , 86). 

Benzyl disulphide (C(H,CHt)tS,, m.p. 71° (B. 20 , 15), results from 
the oxidation of benzyl sulphydrate in the air (A. 186 , 86). Also from 
sodium-benz>’l hyposulphite by electrolysis (C. 1908, I. 1173), or by 
the action of iodine (C. 1909, II. 1739). 

Benzyl sulphide (C,H5.CHj)jS, m.p. 49®, when subjected to dry 
distillation yields stilbene (q.v.), stilbene sulphide, dibenzyl (q.v.), 
thionessal or tetraphenyl-thiophene (q.v.), and toluol. The sulphone 
(C,H,.CH,),SO,, m.p. 150®. It results when the sulphoxide in glacial 
acetic acid is acted upon by KMn04 (B. 13 , 1284 ; 36 , 534). 

Benzyl-dimethyl-sulphine iodide C4H4CHtS(CH,)2l is an orange-red 
coloured compound (B. 7 , 1274). 

Tribenzyl-sulphinic chloride (C,HgCH2),SCl. The ferric chloride 
double sdt is obtained in the form of light-green flakes, of m.p. 98°, 
by the action of ferric chloride upon an etheric solution of benzyl 
chloride and benzyl sulphide. Tribenzyl-sulphinic iodide, m.p. 75° 
(B. 40 , 4932). 

Benzyl sulphoxide (C4HjCH2)jSO, m.p. 133®, is formed by oxidising 
benzyl sulphide with nitric acid (B. 13 , 1284). Benzyl sulphone 
(C4 HjCHj)2SOj, m.p. 150®, from benzyl sulphoxide with Mn04K in 
glacial acetic acid (B. 18 , 1284). Benzyl disulphoxide 
SOSOCHjCjH,, m.p. 108®, from benzyl disulphide and H^Oj. 

Methyl- and ethyl-benzyl sulphone, m.p. 127® and 84®, from sodium- 
benzyl sulphinate and CH3I and C,HjI respectively (B. 39 , 3315). 

Benzyl-sulphinie acid CfHjCHjSOjH, obtained by the reduction 
of benzyl sulpho-chloride. It easily splits into benzaldehyde and 
sulphurous acid (B. 89 , 3308). 

Benzyl-sulphonio acid CfHf.CHi.SOgH is a deliquescent crystalline 
mass ; it is isomeric with toluol-sulphonic acid. The potassium salt 
is formed on boiling benzyl chloride with potassium sulphite. The 
chloride melts at 92® (B. 13 , 1287). 

Benzyl-hyposulphurous acid C4H4CH2SSO4H, m.p. 74® (B. 23 , 
R. 284). 

Nitrogen Derivatives of the PHENYL-pARAFnN Alcohols. 

Phenyl-nitro-paraffins. — ^When the homologous benzols are 
heated in sealed tubes with dilute nitric acid, the nitro-groups usually 
enter the side chains with the formation of phenyl-nitro-paraffins 
(Konowaloff, B. 28 , 1850, R. 235 ; 29 , 2199 ; C. 1899, I. 1237). 

By this treatment toluol yields phenyl-nitro-methane C,H4.CH2.N0(. 
This body has also been prepared from nitro-benzal-phthalide, as well 
as from benzyl haloids, but best from the iodide (B. 29 , 700) by the 
action of silver nitrite. It is an oil, boiling with decomposition at 
226®. It is most easily obtained from phenyl-nitro-aceto-nitrile 
C,H|CH(NOj)CN (q.v.) by boiling with NaHO, or by the action of 
emyl nitrate and potassium ethylate upon phenyl-acetic ester, a reaction 
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in which the carbox-ethyl group is split off in the form of ’carbonic 
acid ester (B. 42 » 1930). On heating with NaHO to 160® the phenyl- 
nitro-methane is further changed, nitrogen oxides being split off and 
stilbene formed (B. 86, 1194 ; 88, 502). 

Phenyl-nitro-methane dissolves, like the nitro-paraffins (Vol. I.), in 
sodium hydroxide, forming a sodium salt, from which the oily phenyl- 
nitro-methane is regained by the action of COj or acetic acid. If, 
however, the sodium salt be precipitated with mineral acids, a crystal- 
line substance, m.p. 84°, is obtained. This is isomeric with the oily 
body, and is distinguished from it by the red coloration it yields with 
ferric chloride, as well as by its electric conductivity. It quickly 
changes, both in solution and when in a free state, into the oily isomeride. 
Its constitution certainly corresponds to the formula adopted for the 
sodium salts of the nitro-paraffins, from which, however, the correspond- 
ing free bodies in the fatty series have not been successfully isolated 
(Hantzsch and O. W. Schiiltze, B. 29 , 2251) : 




.c.h..ch,n(0^^. 


.c.h.ch,n/o„. 


Similar stable and unstable isomerides have also been obtained from 
the nucleus homologues and substituted phenyl-nitro-paraffins (B. 29 , 
2193, 2253, R. 40). 

The action of acid chlorides upon the sodium salts of the phenyl- 
nitro-methanes usually gives acyl derivatives of benzo-hydroxamic 
acid, in consequence of an intramolecular oxidation process ; sodium 
phenyl-nitro-methane and acetyl chloride give aceto-benzo-hydroxamic 
acidCeH5C(OCOCH3)NOH (C. 1900, I. 177). On ammonium salts of 
phenyl-nitro-methane, see C. 1900, I. 1092. 

Tolyl-nitro-methane, see B. 88, 503 ; C. 1905, II. 817. a>-Nitro- 
durol (CH3)g[2, 4, 5]CeH2[i]CH2N02, m.p. 52°; iso-nitro-compound, 
m.p. io2°~io 6°, is easily obtained by nitrogenation of durol with benzoyl 
nitrate (B. 42 , 4154). 

Phenyl-methyl-nitro-methane CeHjCH(CH3)N02, b.p. 115®, from 
aceto-phenone monoxime (y.v.) by oxidation with Caro's acid ; the 
corresponding unstable nitronic acid C3H5C(CH8) : NOOH melts about 
45^ (B. 86, 706). 

Phenyl-paraflQn Amines, Benzyl-amines. — (i) Alcoholic ammonia 
converts benzyl chloride into mono-, di-, and tribenzyl-amines (B. 28 , 
2971 ; C. 1901, II. 1155). 

Most of the other methods of producing benzyl-amine are reactions 
which have been fully discussed in connection with the primary 
alkyl-amines. 

Benzyl-amine is formed (2) by the reduction of phenyl-nitro-methane, 
benzaldoxime, and benzylidene-phenyl-hydrazone (B. 19 , 1928 ; 85 , 
1513 ; 42 , 1559) ; (3) and (4) by heating benzaldehyde with ammonium 
formate or formamide (B. 19 , 2128 ; 20 , 104 ; A. 848 , 54), together 
with di- and tribenzyl-amine ; (5) by the reduction of benzo-nitrile 
(B. 20 , 1709) and (6) of benzo-thiamide (B. 21 , 51) ; (7) of benzamide 
(C. 1899, II. 623) ; (8) by saponifying benzyl iso-cyanide or benzyl 
carbon-imide C8H5CH2NCO (B. 5 , 692), and (9) benzyl acetamide 
CgHgCHjNHCOCH, (B. 12 , 1297) ; (10) by the distillation of the 
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phenyl-amido-acetic acid C,H5CH(NH,)C02H (B. 14 , 1969) ; and (ii) 
by the action of caustic alkali and bromine upon phenyl-acetic amide. 
Benzyl-amine is a liquid, dissolving readily in water. It differs from 
its isomeric toluidin in being a strong base, which attracts COj from 
the air. 

Caro's acid oxidises benzyl-amine to benzaldoxime, phenyl-nitro- 
methane, and benzo-hydroxamic acid, besides benzaldehyde and 
benzoic acid (B. 34 , 2262). 

Dibenzyl-amine (C2H5CH2)2NH, b.p. 300®, is also obtained from 
benzalazin C^H^CH : N.N : CHC^Hj by reduction with zinc dust and 
acetic acid, and (with benzyl-amine) by reduction of benzo-nitrile. 

Nitroso-dibenzyl-amine (C2H5CH2)aNNO, m.p. 61° (B. 84 , 557). 

Tribenzyl-amlne (C2H5CH2)3N, m.p. 91®. 

Homologoos benzyl-amines are isomeric with corresponding alphyl- 
amines. They are mostly formed by reducing nitriles with alcohol and 
sodium ; some by the r^uction of oximes or nitro-compounds, while 
others are obtained by the methods indicated under benzyl-amine. 


/?*Phenyl-ethyl-amin6 

. C,H,CH,CH,NH, 

b.p. 197® ' 

a-Phenyl-ethyl-ainiiie 

, C,H,CH(NH,)CH, 

.. iS?** * 

y-Phenyl-propyl-aiiiiiie 

. C,H,.CH,.CH,CH,NH, 

M 221° • 

^■Phenyl-propyl-amine 

. C,H,CH(CH,).CH,NH, 

„ 210° * 

aPhenyl-propyl-amine 

. C,H,CH(NH,).CH,.CH, 

„ 205° 

^-Phenyl-iso-propyl-amine 

. C,H,CH,.CH(NHJCH, 

„ 203" * 

o-Toln-benzyl-amine 

. CH,[2]C,H4[i]CH,NH, 

.. 205° * 

m-Tolu-benEyl-amine 

. CH,[3]C.H.[i]CH,NH, 

„ 201° ’ 

p-Tolu-benzyl-amine 

. CH,[4]C.H.[i]CH,NH. 

M 195® ® 

co-Pieado-oamyl-amine 

. (CH,),[2,4]C,H,[i]CH,NH, 

218° * 

co-Mezityl-amine 

{CH,),[3,5]C,H,[i]CH,NH, 

.. 221° 

(o-Daryi-amine 

. (CH,),[2,4.5]C.H,[i]CH,NH, 

m.p. 52° 

Comyl-aiiiiiie 

. (CH,),CH[4]C,H,[i]CH,NH, 

b.p. 226° ** 

Cnzno-benzyl-aiiiine 

. (CH,),[2,4.5]C.H,[i]CH,NH, 

m.p. 64° 

Hemimelli-benzyl-aniiiie 

. (CH,),]3,4.5]C,H.[i]CH,NH, 

M 123® 

Literature. — * B. 26 , 19^4 

• B. 27 , 2306 ; • B. 27 , 2309 ; 

* B. 26 , 2875 


B 20 , 618 ; • B. 23 , 1026 ; 88, 1013 ; C. 1899, 1. 1238 ; ^ B. 28 , 3165 ; • B. 20 , 
T7ig ; • B. 21 , 3^83; ^ c. 1899, I. 1238; B. 42 , 4156; B. 20 ^ 2414; 
B. 24 , 2409 , B. 24 , 2411- 


a-Phenyl-ethyl-amine C2H5CH(NH2)CH, is obtained by electrolytic 
reduction of aceto-phenone oxime (B. 85 , 1515) ; it contains an un- 
symmetrical C atom, and has been split up into its optically active 
components by means of its maleic salt (C. 1899, II. 1123 » H. 

1583). 

Tlie pure benzyl-amines are associated with benzyl-alkyl- and 
benzyl-aryl-amines, as well as benzyl-alkyl-ammonium compounds. 
Benzyl-alkyl-amines, like benzyl-etbyl-amlne C^Hg.CHjNHCjH^, and 
comyl-ethyl-amine C,H7C«H|CH2NHC2H5, are obtained from the cor- 
responding benzylidene-alkyl-amines by reduction with Na and alcohol, 
or by heating benzaldehyde with organic formates (B. 85 , 410; A. 
848 , 54). Dibenzyl-ethylene-diamlne (CeHjCH2NH)|C2H4, b.p. 175®- 
182®, from dibenzylidene-ethylene-diamine ; it condenses with ethylene 
bromide to dibenzyl-piperazin (C. 1898, II. 743). Pheno-propyl-methyl- 
amlne CeH^CHiCHiCHiNHCH,, b.p.^^ 134®, is obtained from dn- 
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namylidene-methyl-amine C^HgCH : CH.CH : NCH, with sodium and 
alcohol (C. 1902, 1 . 662). a-Phenyl-ethyl-methyl-amine CgH5(CH3) 
CHNHCH3, b.p.18 87®, and a-phenyl-propyl-methyl-amine, 96°, 
are obtained by the action of methyl- and ethyl-magnesium iodide 
respectively upon benzal-methyl-amine (/. pr, Ch. 2, 77 , 20). 

Benzyl -phenyl -ally! -methyl -ammonium iodide (CeH5CH2)(CeH5) 
(C3H5)(CH3)NI contains an unsymmetrical N atom, and has been split 
up into optically active components by means of campho-sulphonic 
acid (B. 32 , 3561 ; C. 1901, 11 . 206). Similarly, the splitting up of many 
other quaternary benzyl-ammonium compounds, with four different 
radicles, has been accomplished (see E. Wedekind, Stereo^chemistry 
of Quinquevalent Nitrogen, Leipzig, 1907). 

Benzyl-aniline CgHg.CHj.NH.CgHg melts at 32®, and is formed from 
aniline and benzyl chloride (A. 188 , 225), or by the reduction of 
benzylidene-aniline with sodium in alcoholic solution (A. 241 , 330), or 
by electrolytic reduction (B. 42 , 3460). When heated to 220® with 
sulphur it yields thio-henzanilide, and henzenyUamido-thio-phenol at 250® 
(A. 259 , 300). For acid derivatives of benzyl -aniline, see B. 32 , 2672. 

Dibenzyl-aniline (CeH5,CH2)2.N.CeH5, m.p. 67° (B. 20 , 1611). 

C-alkyl-benzyl-anilines like C3H5CH(CH3)NHC3Hg are produced 
by the attachment of alkyl-magnesium haloids to benzal-aniline ; 

CjHjCH : NC,Hg C,H4CH(CH3).N(MgI)C,H, C.H,CH(CH3)NHC,Hj. 

The chlorohydrates of these bases, when heated to 220® with aniline 
chlorohydrate, undergo an atomic displacement analogous to Hof- 
mann's transposition, with formation of C-alkyl-p-amido-diphenyl- 
methanes, e,g, 

CeH5CH(CH3)NIICeH3 ^ NH2CeH4CH(CH3)CeHg. 

C-Methyl-, -ethyl-, -propyl-, and -amyl-benzyl-aniline, b.p.30 183°, 
192®, 200®, and 215° (B. 38 , 1761). 

Benzyl-oxethyl-amine C3H5.CH2.NH.CH2.CH2OH, picrate, melt- 
ing at 136®, results from the rupture of the phenyl-oxazolin ring 

by sodium and alcohol (B. 29 , 2382). 

The following representatives of the numerous benzylated acid 
amides and benzylated nitrogen derivatives of carbonic acid may be 
mentioned : 

Benzyl acetamide CeH5CH2NHCOCH3, m.p. 60® (B. 19 , 1286). Its 
nitroso-derivative C3H5CH2N(NO)COCH5 is decomposed by alcohols 
with elimination of nitrogen, and formation of benzyl-alkyl ethers ; 
this decomposition, recalling the diazo-bodies, is also shown by other 
nitrosated acid derivatives of benzyl-amine (B. 31 , 2640 ; 32 , 78). 

Dibenzyl-urea chloride (C3HgCH2)2NCOCl is an oil (B. 25 , 1819). 
Benzyl-urethane CeH5CH2NHC02C2H5, m.p. 44®. 

Benzyl-urea CeH5CH2NHCONH2, m.p. 147®. Sym. and unsym. 
di-benzyl-urea melt at 167® and 124® (B. 9 , 81). Trl- and tetrabenzyl- 
urea mdt at 119® and 85® (B. 25 , 1826). 

Benzyl-thio-urea melts at 164® (B. 24 , 2727 ; 25 , 817). 

Dibenzyl-guanldin (CeHgCHjNH),^ : NH, m.p. 100® (B. 5 , 695). 

Benzyl iso-cyanate, benzyl carbonimide CgHgCHjN : CO, is a liquid 
with a penetrating odour. Benzyl oyanurate melts at 157® (B. 5 , 692). 
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Beniyl-mustard oil CeH^CHtN : CS, b.p. 243^, forms the chief in- 
gredient of the ethereal oils of various cresses (B. 82 , 2336). 

Benzyl -HYDRAZ iNs.— Benzyl -hydrazin CeHjCHjNH.NH,, b.p.4i 
103®, is obtained by decomposition of its benzylidene compound 
C4H5CH2NH.N : CHC4H5 with acids. This compound is obtained by 
a partial reduction of benzal-azin with Na amalgam and alcohol. With 
HNOj, benzyl-hvdrazin gives a very stable nitroso-compound C^HjCHiN 
(N0)NH2, m.p. >1® (B. 33 , 2736). 

Uns>Tn. dibenzyl-hydrazin (C4H5CH2)2N.NH2, m.p. 65®, from benzyl 
chloride with hydrazin hydrate ; also from dibenzyl nitrosamine by 
reduction vnih zinc dust and acetic acid ; by oxidation with HgO it 
yields a tetrazone, m.p. 97®; but under other conditions nitrogen 
seems to be liberated, with the formation of dibenzyl {B. 88, 2701 ; 
84 , 552 ). 

Sym. benzyl-phenyl-hydrazin CeHgCHjNHNHCeHj, m.p. 35®, b.p. 
about 290®, is obtained by the reduction of benzal-phenyl-hydrazone 
with Na amalgam in alkaJine solution. Oxidation in air readily re- 
converts it into the phenyl-hydrazone (J. pr, Ch. 2, 78 , 49). Unsym. 
benzyl-phenyl-hydrazin C4H5CH2N(C4H4)NH2, m.p. 26®, from phenyl- 
hydrazin and benzyl chloride, is suitable for separating sugars in die 
form of hydrazones (B. 32 , 3234 ; C. 1904, II. 1293). On oxidation it 
passes into dIbenzyl- diphenyl -tetrazone CeH2CH2(CeH5)N.N : N.N 
(C4H5)CH2C4H5, m.p. 145®, which on heating in xylene solution de- 
composes into Na and sym. dibenzyl-diphenyl-hydrazin, b.p.jj 181® 
(B. 39 , 2566). 


Benzyl-diazo-compounds. Benzyl-triazenes. Benzyl-azides. 


Potassium-benzyl diazotate CeH5CH2N : NOK (?) is obtained by 
the action of highly concentrated potash lye upon nitroso-benzyl- 
urethane CeH5CH2N(N0)C02C2H5. It forms a white crystalline 
powder, which, on wetting wi£h water, splits up into KOH and phenyl- 


dlazo-methane c.h.ch/ h ; the latter is a reddish-brown oil, which, 


on distillation, breaks up into nitrogen and stilbene C^HjCH : CHC^H, ; 
on warming with water, into N, and benzyl alcohol ; with alcohol, 
into N2 and benzyl ether ; and with HCl, into N, and benzyl chloride 
(B. 35 , 903 ; cp. also Diazo-methane, Vol. I.). 

Sodium-benzyl iso-azotate CeH5CH2.N : NONa, colourless needles, 
is formed by the action of ethyl nitrite and sodium methylate upon 
unsym. nitroso-phenyl-hydrazin, with simultaneous liberation of nitrous 
oxide. It differs decidedly from the corresponding K salt. In cold 
water it dissolves unchanged, but on heating, or with dilute acids, it 
decomposes into Nj and benzyl alcohol. On reduction it passes into 
benzyl-hydrazin : on oxidation, into benzyl-nitramine CeHgCHjNHNOj 
m.p. 39®, from which it may be recovered by reduction with aluminium 
and s^a (A. 876 , 255). 

Benzyl-methyl-trlazene CgH^CHjN : N.NHCH,, a colourless oil, 
resembling in its instability the aliphatic diazo-amido-compounds 
(Vol. I.), and readily decomposed even by CO,. Obtained from ben- 
zyl azide and CH,MgI. The eupro-salt melts at 114®, and consists of 
pale-yellow grains ; ifflver salt, m.p. 125®, colourless needles (B. 88, 684). 
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Benzyl-phenyl-trlazene C,H(CHaNH.N : NC,H, or C,HtCH,N : 
N.NHCjHj, m.p. 75®, colourless Hakes, is obtained by transforming 
benzyl azide with C,HjMgBr, or phenyl azide with CjHjCHjMgCl. 
Dilute HCl splits it up into benzyl chloride, aniline chlorohydrate, 
and nitrogen (B. 88, 682). 

Benzyl-azide c,H, CH.N<^g, b.p.„ 74®, from C,H,CH.N<;^*, benzyl- 

nitroso-hydrazin, on boiling with dilute H2SO4, or from benzyl iodide 
with silver nitride, is a very stable ether of nitro-hydric acid ; it is 
only decomposed by fairly concentrated H2SO4, jdelding, with liberation 
of N, (i) benzaldehyde and NH3 ; (2) formaldehyde and aniline ; (3) 
benzyl-amine and NgO (?) ; or (4) benzyl alcohol (and NH,) (J, pr. Ch. 
2, 63 , 428 ; B. 35 , 3229). 

Benzyl-hydroxylamines. — a-Benzyl-hydroxylamine, b.p.50 123'', best 
obtained by splitting up benzyl acet oxime C4H5CH2ON : C(CH,)2 
with HCl ; in a similar manner a, p-ehloro-benzyl-hydroxylamlne, m.p. 
38°, b.p.i7 128°, and a, p-bromo-benzyl-hydroxylamine, m.p. 37°, b.p. 
133°, have been prepared. The a-benzyl-hydroxylamine, on heating 
in a pressure tube, breaks up, partly into NH3, water, and benzal- 
doxime-benzyl ether. With SOCI2 it yields thionyl-benzyl-hydroxyl- 
amine C4H5CH2ON : SO, b.p.50 154° ; with COCI2, dlbenzyl-oxy-urea 
(C4H5CH20NH)2C0, m.p. 88°; with formimido-ether chlorohydrate, 
dibenzyl-formo-hydroxamoxime CeH5CH20NH.CH : NOCH2C3H5, m.p. 
42° (B. 26 , 2155 ; 33 , 1975). Treated with benzyl chloride, the 
a-benzyl - hydroxylamine passes into ajS-dibenzyl - hydroxylamine 
C4H5CH2O.NHCH2C4H5, a liquid, and tribenzyl-hydroxylamine 
CH20N(CH2C4H5)2, liquid. The former, split up with HCl, gives 
jS-benzyl-hydroxylamlne CeHjCHj.NHOH, m.p. 57°, which, with benzyl 
chloride, yields ) 3 -dibenzyl-hydroxylamine (C5H5CH2)2NOH, m.p. 123° 
(A. 275 , 133) . The )8-benzyl-hydroxylamine combines with aldehydes to 
form N-benzyl-aldoximes. With oxidisers, like bromine water or chromic 
acid, it is converted mainly into bis-nitroso-benzyl (C5H5CH2NO)2. 
The latter is converted by HCl into benzal-benzoyl-hydrazin and its 
disintegration product : 


(CeH5CH2NO)2 ► CeHjCH : N.NHCOCeHj+HjO. 


Atmospheric oxygen produces mainly benzaldoxime (B. 33 , 3193 ; 
A. 323 , 265). Oxidation of the jS-dibenzyl-hydroxylamine produces 
N-benzyl-benzaldoxime. 

Substituted benzyl alcohols are derived from substituted benzyl 
chlorides when they are heated with aqueous potash (B. 25 , 3290), or 
by means of acetic esters. Many, like m-nitro-benzyl alcohol, are also 
obtained by the action of alcoholic potash upon the corresponding 
aldehydes. They have also been prepared by the electrol5rtic reduc- 
tion of substituted benzoic acids. 


Ohloro-beniyl alcohol . • m 

Bromo-benzyl alcohol 
Bromo-benzyl bromide 
mtro-benayl alcohol 
Nitro-bcnzyl chloride 


Ortho- 

Meta- 

Para- 

72* 

liquid 

73* 

8o* 

$$ 

72 * 

30 * 

41* 

6 i* 

74* 

27* 

93* 

47* 

46* 

71* 
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o-Nitro-benzyl alcohol results also from the electrol3rtic oxidation 
of o-nitro-toluol (C. 1901, II. 1051) ; and p-nitro-benzyl alcohol by 
oxidation of p-nitro-toluol with MnO, and concentrated SO4H, 
(German patent 212.949). The o-nitro-benzyl alcohol is reduced 
by zinc dust and sal-ammoniac solution to o-hydroxylsmino-benzyl 
alcohol HONH[2]CjH 4CH,OH, m.p. 104®, which is oxidised by 
chromic acid to szoxy-bonzyl aloohol 0Nj(C4H4CH20H)2, m.p. 123® ; 
and by Caro’s acid or ferric chloride to o-nitroso-benzyl alcohol 
0N[2]C4H4CH,0H, m.p. loi®. The latter, on being boiled in water, 
loses HjO and passes into anthraniU (B. 86, 836), and forms the link in 
the trainsition of o-nitro-toluol into anthranilic acid on heating with 
alkaline hydroxide. 

Reduction of the nitro-benzyl alcohols, as well as the electrolytic 
reduction of nitro- and amido-benzoic acids in acid solution, produce 
amido-benzyl alcohols. p-Amldo-benzyl aloohol, m.p. 64® (A. 305 , 119), 

, /'CH.s. 

IS converted by acids into an anhydro-form j, which is 

also obtained, with other derivatives, by direct action of formaldehyde 
upon the corresponding anilines in the presence of acids (B. 81 , 2037 ; 
38 , 250 ; 85 , 739 ; C. 1898, II. 159 ; Ch. Ztg. 24 , 284). 

p-Amido-bonzyl-amine NH4C,H4CH2NH4 b.p. 269® ; p-Aoetyl- 
amldo-M-chloracetyl-benzyl-amlne CHjCONHC,H4CHjNHCOCHjCl is 
produced by nuclear synthesis in the condensation of acetanilide 
with mothylol-ehloracetamido CHjClCONH.CHjOH under the action 
of concentrated HJSO4. On boiling with HCl the acetyl and chlor- 
acetyl groups are split off (A. 343 , 299). 

p-Amldo-benzyl-anlUne NHjC,H4CH2NHC4Hj a viscous oil, from 
anhydro-formaldehyde-aniline wifii aniline ; easily transposed to di- 
amido-diphenyl-methane (B. 29 , R. 746 ; C. 1900, 1 . 1112). p-Nltro- 
benzyl-amlne, see B. 30 , 61. 

m-Amldo-benzyl alcohol NH2[3]C4H4[i]CH40H, m.p. 92°, from 
m-nitro-benzoic acid by electrolytic reduction (B. 38 , 1751). 

o-Amldo-benzyl alcohol NHj[2]C4H4CH20H, m.p. 82®, b.p.,o 160®, 
is formed from o-nitro-benzyl alcohol or from anthranile by reduction 
with zinc dust and HCl (B. 25 , 2ofiS ; 27 , 3513) ; from anthranilic 
ester with Na amalgam in acid solution (B. 88, 2062) ; and by 
electrolytic reduction of o-nitro-benzoic add or anthranilic acid 

(B. 88, 1751). 

O-Acetyl-o-amldo-benzyl alcohol NH2C,H4CH20C0CH„ an oil 
smelling of aniline, with a chlorohydrate melting at 116®, is formed by 
the reduction of o-nitro-benzyl acetate. The free base is unstable, 
and on standing, or (rapidly) on heating, it passes into the crystalline 
N-acetate CH,C0NHC4H4CH20H, m.p. 116®. Cold HBr converts the 
latter into the bromohydrate of /x-methyl-pheno-pentoxazol, which, 
on standing in water, takes up water and splits up to form 0-acetyl- 
o-amido-benzyl alcohol (B. 87 , 2249). 

Formation of Hetero-rings from Derivatives of o-Amido-benzyl 
AleohoL — Just like the o-diamines, o-amido-phenols, and o-amido- 
thio-phenols, many o-amido-benzyl alcohol derivatives, and also those 
of o-nitro-benzyl alcohol, so far as they yield o-amido-benzyl alcohol 
compounds upon reduction, show ability to form hetero-rings. Some 
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of the derivatives of these two alcohols capable of yielding hetero-rings 
are the following : 

o-Amido-benzyl alcohol combines with nitroso-benzol to o-benzol- 
azo-benzyl alcohol C^H^N : NCeH4CH20H, m.p. 78®, which, on heating 
with H2SO4, becomes phenyirindazol (C. 1903, L 1416). It becomes 
thio-cumazone (B. 27 , 1866) when it is boiled with alcoholic CS*, and 
thio-cumo-thiazone (B. 27 , 2427) when the CS, and alcoholic potash are 
used. The urea derivatives of o-amido-benzyl alcohol lead to similar 
rings (B. 27 , 2413). 

o-Nitro-benzyl sulpho-cyanlde NO2C4H4CH2S.CN, m.p. 75® (B. 25 , 

3028), yields o-benzylene-0-thio-urea. Sulphuric acid reduces it to 
o-nitro-benzyl-carbamine-thiolic ester NO2.C4H4CH2.SCONH2, m.p. 
1 16®. Hydrochloric acid saponifies this to o-nltro-benzyl mercaptan 
N02[2]C4H4[i]CH 2SH, m.p. 43®. Both bodies yield benz-iso-thiazol 
upon reduction (B. 28 , 1027 ; 29 , 160). 

o-Amido-benzyl chloride hydrochloride HCI.NH2.C4H4CH2CI is 
formed by the action of concentrated hydrochloric acid upon o-amido- 
benzyl alcohol. With caustic potash this yields poly-o-benzylene- 
Imide (C2H7N)a.(B. 19 , 1611 ; 28 , 918, 1651) ; with acetic anhydride, 
li^ethyUpheno-pentoxazol \ with thiacetamide, fi-methyl-pheno-penthi- 
azol (B. 27 , 3515) ; and with thio-urea, o-benzylene-p~thio-urea (B. 28 , 
1039) : 


J CH,OH 

-H,o ^ 


PbeDyl-mdatol (x) 

CSt 


{ ch,-o 

Ttuo-cumazone (3) 

Tblo-cumo-thiaiODe (3) 

( CH,OH _ 

"i cs,.koh 



NH— CS 

( CH^CS 

H ^ 



^•^Mno, 

^•“Mnh.hci 

.♦-Tblo<trbani»de ^ 

NH— <^ ;NH 

( ch,— s 

or C,H, j (4) 



o.Benzylene'\^-thio-urea 

( ch,sh 
^•”Mno, 

8H 


Beaz-iso-thiazol (3) 


nh,hci 

(CHj,C 0»,0 


/bi-Metbyl-pheDO-pentozazol (6) 


\ NH.HCl 

4-Thtace(im*de 


ft-Methyl-pheDO-p«Qtbiazol (7). 


The anhydride of an o-benzyl-alcohol-sulphonic acid, sulpho-benzide 

obtained by the reduction of the stable 

o-sulpho-benzoic acid chloride, much as the phthalide is obtained from 
phthalyl chloride ; also by reduction of the product of the action of 
PCI5 upon o-benzaldehyde-sulphonic acid (B. 81 , 1666). 

o-Nitro-benzyl-amine C4H4(N02).CH2.NH2, obtained from o-nitro- 
benzyl chloride by the saponification of its phthalimide derivative, is 
a strong, oily base (B. 20 , 2227). 

o-Nltro-benzyl-formamide NO2.C4H4.CH2.NH.CHO, melting at 89®, 
is reduced to dihydro-quinazoltn (B. 25 , 3031 ; 36 , 806). 

o-Hltro-benzyl-anlllno NO2.C4H4.CH2.NHC4H4, melts at 44® (B. 
19 , 1607). 

o-Nitro-benzyl-phenyl-nltrosamine N02C4H4CH2N(N0)C4H4 is con- 
verted by tin and hydrochloric acid into n-phenyl-indazol (B. 27 , 2899). 
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o-Am!do 4 >enzyI-ainine, o-hmxylene- 4 i«mne NHiC,H4CH,NH, is 
a radiating oystalline mass, obtained from o-nitro-benzyl-amine. With 
aldehydes like benzaldehyde it forms phenyl-tetrahydro-quimzolin ; 
with phosgene, tetrahydro-kelo-quinazolin ; with carbon disulphide, 
tetrahydro-tkio-quinazolin (B. R. 238). o>Aniido-bensyl-aniline 

NH,.C.H«.CIi.NH.C,H„ melting at 86“, forms p-pheno-phenyl- 
dihydro-triazin with nitrous acid (B. 25 , 448). 


r M /CH,— NHCHO 


H ^ „ /CH,— NH 
►C.H, I ■ I 


Dihydro>quinasolin 




^c.H4|?*>nc.h. 


HCl 




C.H,CHO ^ „ ^CH,— NH 


INH— CHC4H, 


COCl, ^ „ ( CH,— NH 

"""‘“‘INH-Cio 


^\nh— ts 


n-Phenyl-indazol 

c-Phenyl-tetrahydro- 

quinazolin 

Tetrahydro-keto-quin- 

azolin 

Tetrahydro-thio-quin- 

azolin 


C,H4{CH.NHC.H. 


NOOH jj I CH, — N.C,H, ^-pheno-phenyl-dihydro* 
• jj triazin. 


(2) Aromatic Monaldehydes. 

The aromatic monaldehydes are the first oxidation products, and 
correspond to the primary aromatic monohydric alcohols. They are 
very similar to the fatty ddehydes so far as their rearrangements, de- 
pendent upon the reactivity of the aldehyde group, are concerned. 

Formation, — (i) By the oxidation of the primary monohydric, 
aromatic alcohols. (2) By the distillation of the calcium salts of the 
aromatic monocarboxylic acids with calcium formate. (3) From their 
halogen derivatives QHg.CHClj, with water, especially in the presence of 
sodium carbonate, lime, or lead oxide, or by heating with anhydrous 
oxalic acid. (4) Technically, by oxidising benzyl chloride with lead 
nitrate. (5) A very interesting and diiect conversion of homologous 
benzenes into aldehydes is that occurring in the action of chromyl 
chloride CrO,Clf. The first products are pulverulent, brown addition 
compoimds CjH5CH3(CrO,Cl2)j, which decompose into aldehydes when 
they are introduced into water (B. 17 , 1462 ; 21 , R. 714 ; 32 , 1050). 
On oxidising methyl-benzols with chromic acid in the presence of acetic 
anhydride at o®, diacetates of ortho-aldehydes are formed, NO2C3H4 
CH(OCOCH3 )j, C3H4[CH(0C0CH3)J2. Manganese peroxide, cerium 
oxide with sulphuric acid, or manganese persulphate also oxidise alkyl- 
benzols in the cold to aromatic aldehydes (C. 1901, II. 70, 1154 ; 1906, 
11 . 1297, 1589). By electrolytic oxidation also, aldehydes can be 
obtained from alkyl-benzols (C. 1905, II. 763). (6) During oxidation 
of olefin-benzols with ozone, they are split at the ethylene link, with 
formation of aldehydes (B. 37 , 842, 2304 ; 41 , 2751 ; A. 843 , 31 1) : 

C3H3CH2CH : CHCH, — ► C3H3CH2CHO. 

(7) From the aromatic primary-secondary and primary-tertiary 
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ethylene glycols, and from the corresponding ethylene oxides, by heat* 
ing with &ute H2SO4 or alone (C. 1905, II. 1628 ; B. 89 , 2288) : 

/ 0 \ 

C,H,(CH,)COHCH,OH — ► C,H,(C»^)CH.CHO < — C,H,(CH,)CH— CH,. 

The secondary-tertiary phenyl-ethylene glycols, in which phenyl 
is held by a secondary link, yield aldehydes on displacement of the 
phenyl group : 

C,H,CH(OH)C(OH)(CH,), ► 

The formation of aldehydes from the iodo-hydrins of some olefin- 
benzols by treatment with NOjAg or HgO (C. 1907, I. 1577 ; 1909, 

I- 1335) : 

C,H,CH(0H).CH1.CH2 ► OCH.CH<^^J^‘ 

also leads to the formation of aldehydes. 

(8) From phenyl-nitro-methanes by reduction, and from j8-benzyl- 
hydroxylamines by oxidation, oximes of the aromatic aldehydes are 
obtained, and from these the aldehydes may be obtained by hydrolysis 
(C. 1899, I. 1073). 

(qa) Synthetically, the aldehydes are obtained from the aromatic 
hydrocarbons by the action of carbon monoxide and HCl in the presence 
of CU2CI2 and A 1 chloride or bromide (A. 347 , 347) : 

C,H,+CO-|-Ha C,H,CHO. 

(95) Benzaldoximes QHjCH : NOH are similarly produced from 
benzene, mercury fulminate C : NHgO, and A 1 chloride containing 
water of crystallisation. Dry A 1 chloride forms chiefly nitriles (B. 86 , 
322). 

(10) Aromatic aldehydes are also formed by the action of aryl- 
magnesium haloids on excess of formic ester (B. 36 , 4152 ; C. 1905, 
I. 309 ; cp. also Ch. Ztg, 29 , 667) : 

CeHjCHjMgCl+HCOOCjHj ► C,H5CH2CHO+ClMgOC2H,. 

By using ortho-formic ester the corresponding acetals are obtained 
(C. 1904, I. 509, 1077 ; B. 87 , 186). 

The formic ester can often be advantageously replaced by ethoxy- 
methylene-aniline QHgN : CHOCjH^. From the benzylidene-anilines 
first formed the aldehydes are easily obtained by boiling with dilute 
acids (C. 1906, I. 1487). 

(11) The condensation products ArCHOH.CClj, obtained from aryl- 
magnesium haloids and chloral on boiling with potassium carbonate 
solution, split up into chloroform and aldehydes (C. 1908, 1 . 1388) : 

C,H,MgBr C,HjCH(OH)CCl, ► C,H,CHO+CHCl,. 

(12) The aryl-glycidic acids obtained from aromatic ketones by 
condensation with chloracetic ester, and Na ethylate or amide, easily 
break up into COj and aldehydes (C. 1905, I. 346 ; B. 88, 699) : 

✓Ov 

C,H,COCH, C,H,(CH)& CH.CO.H C,H,(CH,)CH.CHO. 
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(13) Benzoyl-formic acid C^Hj.CO.COOH and its homologues, 
easily formed by s)mthesis, are converted, by heating with aniline, into 
benzylidene-anilines, which may be readily split up into aldehydes 
and aniline (C. 1903, I. 832, etc.). 

(14) The acidyl-phenyl-glycolic esters (y.v.) and phenyl-tartronic 
esters (q.v,), obtained by the condensation of aj3-diketone-carboxylie 
esters or mesoxalic esters with benzols, tertiary anilines, or phenols, 
may be converted into the corresponding aldehydes, (I.) by warming 
with concentrated H2SO4, or (II.) by oxidation with copper acetate 
and decomposition of the resulting benzoyl-formic acids (C. 1910, 

I- 25) : 

I. C,H,C(OH)(COCH,)CO.CH, + H,0 - C,H,CHO+CH,COOH+CH,OH+CO. 

II. C,H,C(0H)(C0CH,)C0,CH,+0 + H,0 - C,H,CO.COOH+CH,COOH-f CH,OH. 

Properties. — Benzaldehyde and its homologues are mostly liquid 
bodies, which possess an aromatic odour, and reduce ammoniacal 
silver solutions with the production of a metallic mirror, (i) They 
are readily oxidised to carboxylic acid. (2) They differ from the fatty 
aldeh3^des in that they are, as a general rule, readily converted to 
alcohols and acids by alcoholic or aqueous alkalies ; it appears that 
this reaction is, however, only peculiar to those aldehydes in which 
the CHO group is in direct union with the benzene nucleus. (3) Nascent 
hydrogen reduces them to alcohols when they are in part, t!^ough the 
union of two aldehyde residues, converted into hydro-benzoins. (4) 
They combine with acid alkaline sulphites. (5) With hydroxylamine 
they 5deld aldoximes, which manifest rather remarkable isomeric 
relations. (6) They form phenyl-hydrazones with phenyl-hydrazin. 
(7) With primary amines : aldehyde imines (Schiff's bases). (8) With 
the salts of mtro-hydroxylaminic acid NaON : NOONa and benzol- 
sulph^^droxamic acid they form hydro xamic acids (C. 1904, I. 1204). 
(9) Phosphorus pentachloride replaces their aldehyde oxygen by two 
atoms of chlorine. (10) Chlorine substitutes aldehyde hydrogen. 

Thej^ do not polymerise, as do the first members of the group of 
fatty aldehy des. 

Nuclear Syntheses. — (i) In the reduction of aromatic aldehydes — 
c.%. in the electrolytic reduction (B. 29 , R. 229 ; C. 1907, 1 . 339) — there 
occurs, along with alcohol formation, a production of hydro-benzoin 
analogous to the pinacone formation : 

2C4H4CHO+2H = C.HjCHfOH)— CH(OH).CeH5 hydro-benzoin. 

(2) A very interesting reaction of the aldehydes is their conversion 
into benzoins, through the agency of alcoholic potassium cyanide. 
Two aldehyde molecules combine to a polymeric body : 

zCeHjCHO = C4H4CH(0H).C0.C4H2 benzoin. 

See B. 29 , 1729 ; 31 , 2699, condensations of benzylidene- 

aniline and benzaldehyde by potassium cyanide. 

(3) The aromatic aldehydes combine wdth the most heterogeneous 
bodies — e.g. aldehydes, ketones, monocarboxylic acids, dicarboxylic 
acids, etc. — water always disappearing. 

These so-called condensation reactions proceed similarly to the aldol- 
condensation, oviy there is generally an elimination of water, as in the 
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conversion of aldol into croton-aldehyde. The condensation agents are 
HCl gas, zinc chloride, sulphuric acid, glacial acetic acid, acetic anhy- 
dride, dilute sodium hydroxide, baryta water, a solution of potassium 
acetate, and potassium cyanide (primary, secondary, and tertiary bases). 

In this manner benzaldehyde can undergo the following rearrange- 
ments without difficulty : 


C.HjCHO- 


CH,COOH 


CH,CHO 


CH,COCH, 


CH,(COOH), 


| CH,COCH,CO,C,H, ^ 


CeHjCH^CH.COOH 

C«H,CH=CH.CHO 

C,H4CH=CH.C0.CH3 

C,HsCH=C(COOH), 

\COCH3 


Cinnamic acid 
Cinnamic aldehyde 
Ben zal -acetone 

Benzal-malonic acid 

Benzal-aceto-acetic 

ester. 


Pyrones CO[C(CH3) : C(C^H3)]20 (B. 29 , 1352) result when two 
molecules of benzaldehyde condense with ketones like diethyl-ketone. 
Pyridin derivatives result when benzaldehyde and aceto-acetic ester 
condense with ammonia and aniline ; whereas benzylidene-diaceto- 
acetic esters are formed under the influence of aliphatic amines (B. 29 , 
R. 841). 

The benzaldehydes also condense with phenols and anilines, forming 
derivatives of triphenyl-methane. 

Benzaldehyde, hitter-almond oil, benzoyl AyinWe CcHg.CHO, b.p. 179°, 
with specific gravity 1*050 (15°), is a colourless liquid with high refrac- 
tive power. Formerly it was prepared exclusively from its glucoside 
amygdalin (see below). At present it is only the officinal bitter-almond 
oil water, aqua amygdalarum amararum, in which hydrocyanic acid is 
the active ingredient, that is made from the amygdalin. It has the 
characteristic agreeable bitter-almond oil odour. It is soluble in 
thirty parts water, and is miscible with alcohol and ether. Benzalde- 
hyde does not occur already formed in the bitter almonds, but is 
produced, as demonstrated by Wohler and Liebig in 1831, from 
the glucoside amygdalin contained in the oil. This is easily converted, 
by boiling with ^lute acids or upon standing in contact with the 
unorganised ferment emulsin, also present in bitter almonds, into benz- 
aldehyde, glucose, and hydrocyanic acid. 

Amygdalin : C2oH27NOii-f 2H20=C3H5CH0-[-2C3Hi202-t-CNH. 

In the general methods common to the formation of all aldehydes, 
reactions were indicated which would lead to the production of benz- 
aldehyde. Thus it is formed (i) from benzyl alcohol ; (2) from calcium 
benzoate and formate ; (3) from benzal chloride ; (4) from benzyl 
chloride, from which it is prepared technically by oxidation with lead 
nitrate ; (5) from toluol and chromyl chloride CrOjClj ; (6) from 
benzene and CO with HCl, CujCl,, and AljBr, ; and (7) from phenyl- 
magnesium bromide and formic ester or its derivatives. 

In describing the transformations of the aldehydes, benzaldehyde 
was chosen as the example. It even absorbs oxygen from the air and 
becomes benzoic acid, and when mixed with acetic anhydride and sand 
it not only yields benzoic acid but also benzoyl-hydrogen peroxide 
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(C,H,COO), (B. 27 , 1959). Sodium amalgam reduces it to benzyl 
alcohol and hydro-benzoin, while PCl^ changes it to benzal chloride. 
It shows both oxime and phenyl-hydrazone formation, etc. 

With sulphurous acid it combines to an oxy-sulphonic acid soluble 
in water, from which the aldehyde can be recovered by simple heating. 
This process can be utilised for regenerating benzaldehyde (C. 1904, 

I- 1145). 

Homologous Benzaldehydos. — 0-, m-, and p-Toluic aldehydes boil at 
200®, 199®, and 204®. The o- and m-bodies smell like benzaldehyde, 
while the p-compound has an odour like that of pepper. 

a-Toluie aldehyde, phenyl-acetaldehyde CiH. CHa.CHO, boiling at 
206®, and isomeric with the three toluic aldehydes, is produced (i) by 
distillation of a-toluate of calcium and calcium formate ; (2) when 
chromyl chloride and water act upon ethyl-benzene ; (3) by acting 
with water on )8“bromo-st)Tolene ; (4) by heating phenyl-lactic acid or 
phenyl-glycidic acid with dilute sulphuric acid ; (5) from phenyl-a- 
ehloro-lactlc acid CaHa.CH(OH).CHCl.COaH, by the action of alkalies 
(B. 16, 1286 ; A. 219, 179) ; and (6) from phenyl-glyceric acid or its 
)8-lactone CaHaCH(0)CH(0H)C0, by heating alone or in water (C. 
1900, I. 887). Phenyl-acetaldehyde has a sweetish odour resembling 
that of hyacinths, and is used in perfumery. It polymerises easily on 
keeping. On heating with alcoholic potash it forms a mixture of 
triphenyl-benzol and i, 3-diphenyl-tetramethylene (B. 38, 1965). 
a-Phenyl-propyl-aldehyde, hydro-airopa-aldehyde CeH,(CH,)CH.CHO, 
b.p. 204®, is obtained from unsym. phenyl-methyl-glycol by heating with 
dilute HaS04 (B. 39, 2297), from phenyl-methyl-glycidic acid or unsym. 



from unsym. phenyl-ethyl-glycol (B. 39, 2300). a-Propyl- and a-iso- 
butyl-phenyl-acctaldehyde, b.p.,, 122®, b.p.^ 153®, a-Methyl-phenyl- 
propyl-aldchyde, b.p.j, 130®, from the corresponding glycidic acids by 
method Z2 (C. 1905, 1 . 347). 

Phenyl-propyl-aldehyde, hydro^cinnamic aldehyde C^HgCHgCHgCHO, 
b.p.i3 105® (B. 31, 1992), is best obtained by reduction of cinnamic 
aldehyde acetal. 8 , 5 -Dimethyl-benzaldehyde, mesityl-aldehyde (CHj)^ 
CgHjCHO, b.p. 221®, from mesitylene bromide (/. pr. Ch. 2, 68, 359). 
2, 5 -Dimethyl-benzaldehyde, b.p.jQ 100°, is obtained from p-xylol-gly- 
oxylic acid by method 13 ; while from p-xylol, CO, and HCl, etc., by 
method 9, 2, 4-dimethyl-benzaldehyde is formed, with migration of 
atoms (C. 1903, I. 830). 

Cumie aldehyde, cuminol, p-iso-propyl-benzaldehyde (CH3)jCH 
[4]CfH4[i]CHO, boiling at 235®, with specific gravity 0*973 (13®), 
occurs, together with cymene, in Roman carraway oil, and in oil of 
Cicuta virosa, or water-hemlock (B. 26, R. 684). Cuminol possesses an 
aromatic odour. Dilute nitric acid oxidises it to cumic acid ; chromic 
acid converts it into terephthalic acid. Cuwtc acid (q,v,) and cumyl 
alcohol are produced when it is digested with alcoholic potash. When 
distilled with zinc dust, cymol results. 

Derivatives of Benzaldehyde. 

Haloid Derivattves. — The halogen compounds corresponding to 
benzaldehyde are obtained by the action of PClg or PBr* upon it. 
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Benzol chloride, benzylidene chloride, co-dichlorotoluene chloride of 
bitter-almond oil, CeH^CHCl,, boiling at 213®, with specific gravity 1.295 
(16®), results from the action of chlorine upon boiling toluene, from 
toluene (A. 189 , 318 ; 146 , 322) and PCI# at i70®-200°, as well as from 
benzaldehyde and COCla (Z. /. Ch. 2, 7 , 79). It changes to benzal- 
dehyde when it is heated to i40®-i6o® with water, or to 6o°-70® with 
anhydrous oxalic acid. Benzol bromide boils at I30°-I40® (20 mm.). 
Acetals of the aromatic aldehydes are obtained from these with dilute 
alcoholic HCl, or with orthoformic ester, and from the aldehyde 
chlorides with sodium alcoholates (B. 81 , 1989 ; 40 , 3903). 

Benzol dimethyl and diethyl ether, boiling at 208° and 220®, benzol 
diacetyl ester, melting at 44® and boiling at 220® (A. 102 , 368 ; 146 , 323), 
are produced when sodium methylate, sodium ethylate, and silver 
acetate act upon benzal chloride. The diethyl ether is also formed 
from benzaldehyde and orthoformic ester (B. 29 , 247), as well as from 
benzylidene-imide hydrochloride with alcohol. 

Sulphur Derivatives of Benzaldehyde. — Compare the thio-acetaldc- 
hydes : a- and ^-trithio-benzaldehyde melt at 167® and 225° (B. 29 , 159). 
Polymeric thio-benzaldehyde melts at 83® (B. 24 , 1428). When heated 
with finely divided copper they yield stilbene C^jH5.CH=CH.CeH5. 

On mercaptals and sulphones from benzaldehydes, see B. 35 , 2343. 

Benzaldehyde-potassium bisulphite, poiassium-oxy-benzyl sulphonote 
CeH5CH(0H)S03K + iH20, see A. 85 , 186. 

Sodium-benzaldehyde sulphoxylate C^H5CH(OH)O.SONa ; on addi- 
tion of benzaldehyde to a feebly alkaline sodium hydrosulphite solu- 
tion, it is precipitated in flakes. The secondsiry salt is more stable than 
the primary (B. 42 , 4634). 

Nitrogenated Benzaldehyde Derivatives. — Phenyl-dinitro-methane 

CJi5CH(N02)2, m.p. 79®, is formed by the action of N2O4 upon benzal- 
doxime or acetyl-benzoyl oxime C2H5('(NOH).COCH3 ; on heating to 
130® it forms benzaldehyde, and by reduction with A 1 amalgam benzyl- 
amine and NHj (/, pr, Ch. 2, 65 , 197 ; 73 , 494 ; C. 1901, II. 1007 ; 
1006, II. 1003). the action of diazo-benzol chloride upon phenyl- 
dinitro-methane, see C. 1909, II. 905. 

When ammonia acts at —20® upon a concentrated alcoholic solution 
of benzaldehyde, the first product is the very unstable benzaldehyde 
ammonia (C2H5CHOH)2NH, m.p. 45°, which quickly breaks up into 
benzaldehyde, water, and hydrobenzamide, tribenzal-diamine (C^H, 
CIIljNj, melting at no®. When this body is heated it is transposed 
to omorine or triphenyl • dihydro • glyoxoline (q,v.). VTien hydro- 
chloric acid gas is conducted into the alcoholic benzene solution of 
h\’dro-benzamide, benzylidene imide C^HgCH : NH.HCl, melting with 
decomposition at 180®, separates. Water immediately resolves this 
body into benzaldehyde and ammonium chloride (B. 29 , 2144 ; 42 , 2216). 

Benzal-ethyl-amine C^Hj.CH : N.CgHj, b.p. 195°. Benzal-aniline, 
benzylidene-oniline C^Hj.CH : N.C^Hg, m.p. 45®, from benzaldehyde 
and aniline, with elimination of water. In the presence of concen- 
trated HCl the aromatic aldehydes combine with anilines to chloro- 
hydrates of the aldehyde-anilines, like C2H5CH(0H)NHC2H5.HC1, 
which sometimes, especially in the oxy-benzaJdehydes, represent fairly 
stable compounds ; the free hydrates, on the other hand, usually lose 
HjO readily, and pass into the benzylidene compounds (Schiff's bases. 

VOL. II. S 
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B. SSy 984). In a few cases Schiff's bases, like the benzaldoximes, 
occur in two isomeric forms (B. 48 , 3359). On the nitrogenation and 
sulphuration of benzylidene-anilines, see C. 1903, I. 231. With 
benzaldehyde in alcoholic KCN solution benzaniline does not give the 
benzoin reaction, but a complex condensation takes place with the help 
of hydrocyanic acid (see B. 38 , 1761). On the condensation of benz- 
aniline with malonic ester, aceto-acetic ester, and similar bodies, see 
B. 81 , 2596 ; 32 , 332 ; 36 , 937. 

Benzylidene-p-amido-dimethyl-aniline C^H^CH : NCeH4N(CH3)g, 
m.p. 99®, yellow needles, forms, with one molecule HCl a red, and with 
two molecules HCl a white, chlorohydrate (C. 1908, I. 1539). 

When the o-phenylene-diamines and benzaldehyde interact, the 
bodies resulting at first are : benzylidene-o-phenylene-diamine NH2. 
C4H4N : CH.C4H5, m.p. 61°, and dibenzylidene-o-phenylene-diamine 
C4H4[N : CH.CjHjjj. However, they readily rearrange themselves 
into isomeric, ring-shaped imidazole derivatives, or aldehydes (B. 29 , 
1497). The amidated benzylidene-anilines and bis-benzylidene-p- 
phenylene-diamines, like NH2C4H4.CH : N.CeH4N : CHCeH4NH2 have 
dyeing properties similar to those of the amido-azo-bodies ; the azo- 
methine group — CH : N — is a chromophore,*' like the azo-group 
— N=N — , but to a much smaller extent (B. 31,2250). In both cases 
the introduction of auxo-chromic *’ groups (NHj, OH, etc.) produces 
a deepening of the colour (C. 1907, 1 . 106). 

Benzylidene-hydrazin, benzal-hydrazin C4H5CH : NNHj, m.p. 16°, 
b.p.i4 140°, is formed from hydrazin hydrate with benzaldehyde and 
barium oxide, and from benzalazin by boiling with hydrazin hydrate. 
It easily passes into benzalazin in various ways ; with acetic anhydride 
it gives benzal-acetyl-hydrazin C4H5CH : N.NHCOCH3, m.p. 134°, 
which is also formed from acetyl-h\’drazin and benzaldehyde (B. 36 , 

3234). 

Benzalazin C4H3CH : N.N : CHC4H5, m.p. 93®, from benzaldehyde 
and hydrazin, decomposed by heat into nitrogen and stilbene. By 
reduction with zinc dust and glacial acetic acid it splits off NH3 and 
yields dibenzvl-amine. By sodium amalgam it is first converted into 
benzyl-benzylidene-hydrazin and further into sym. dibenzyl-hydrazin. 
With bromine it unites to form a tetrabromide, which readily decom- 
poses with evolution of nitrogen (cp. /. pr. Ch, 2, 58 , 372). With di- 
methyl sulphate the benzalazin combines to form an ammonium com- 
pound CjHjCH : N(CH3)(0S03CH2)N : CHC4H5 which, with water, 
breaks up into benzaldehyde and methyl-hydrazin (A. 376 , 244). On 
the influence of magnesium organic compounds upon benzalazin, see 
B. 43 , 740. 

Benzal-phenyl-hydrazone C4H4CH : NNHCeH^, m.p. 152® (A. 190 , 
134), is converted by acetic anhydride and H2SO4 into a stereo-isomeric 
body of m.p. 136® ; sodium amalgam reduces it to sym. benzyl-phenyl- 
hydrazin. On oxidation, the benzal-phenyl-hydrazones yield iibenzaU 
diphenyl-hydro’tetrazone, benzile-osazone, dehydro-benzal-phenyl-hydra» 

zone and tetraphenyUtetrazolin N^CC*H* 

Numerous benzal compounds of hydrazin derivatives have been 
prepared ; they serve to characterise the latter. 

Benzaldoximes. — The interaction of hydroxylamine and benzalde- 
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hyde produces a-benzaldoxime, henzantialdoxime, m.p. 35® and b.p. 
117® (14 mm.). Hydrochloric acid, sulphuric acid, or bromind changes 
it, with the simultaneous production of unstable salts (B. 27 , R. 599), 
into jS-benzaldoxime, iso-benzaldoxime, benzo-synaldoxime, m.p. 
125®. For another method, see A. 865 , 202. When this body is dis- 
tilled under reduced pressure, it passes into the a-derivative. Each of 
these isomerides gives rise to two structurally isomeric series of alkyl 
ethers, in one of which the alkyl is joined to oxygen, in the other to 
nitrogen, as the first, upon decomposition, yield a-, and the second 
jS-alkyl-hydroxylamines. Hantzsch and Werner attribute the iso- 
merism of the a- and j 3 -aldoximes to the spatial arrangement of the 
hydroxyl group with reference to nitrogen. The oximes are distin- 
guished as benzanti- and benzo-synaldoxime (B. 24 , 3481). The Syn- 
configuration would fall to the jS-aldoxime, because in a series of re- 
actions — e.g. treatment of the acid ester with alkalies — it changes more 
readily and completely to benzo-nitrile than the a-body : 

/ X • C.HjCH C.HjCH 

(a-) Benzantialdoxime (p-) Benzo-synaldoxime 


The following formulae would then correspond to the N- and O- 
alkyl ethers of these compounds : 

CeH^CHO 

— ► CH3ONH, ◄ 

— ► C.H^CHO 

CH3NH(0H) ^ , 

The benzaldoximes and phenyl cj^anate combine to isomeric 
phenyl-urethane derivatives C^HjCH : NOCONI 1 0^115. The N-alk\l 
ethers also unite with phen}l cyanate, forming azoxazol (furo-a&'- 
diazol) derivatives (B. 27 , 1957) : 

CeH^CHx^ C,H.NXO ^ CeH,CHN(CeH,)\p^ 

0/ 

Benzaldoxime is also produced from benzyl-amine by oxidation 
with Caro’s acid, and is further oxidised by that agent to phenyl-nitro- 
methane and benzo-hydroxamic acid (B. 34 , 2023, 2262). 

Anti-benzaldoxime-o-methyl ether is an oil, b.p. 191®. It results 
from the interaction of a-benzaldoxime with sodium alcoholate and 
methyl iodide or with diazo-me thane (C. 1909, 1 . 1754). Hydrochloric 
acid resolves it into benzaldehyde and a-methyl-hydroxylamine. K- 
Methyl ether melts at 45®-'49°. Its hydrobromide is formed on heat- 
ing a-benzaldoxime, methyl, bromide, and methyl alcohol in a sealed 
tube to 85®. On exposure it rearranges itself into the syn-form (B. 29 , 
R. 866 ; A. 365 , 215). Syn-benzaldoxime-N-methyl ether, melting at 
82®, is formed, together with the isomeric o-ether, from S3’n-bcnzal- 
doxime, method iodide, and sodium ethylate (B. 24 , 2812), or b\^ the 
action of the chloride of j 3 -methyl-hydroxylamine upon benzaldehyde 
(A. 365 , 205). By the action of PCI5 in etheric solution it is transposed 
into the Isomerlo monomethyl-benzamide : 

CeHjtn.O.i^CHj 


CeHj— CH 

H 

N— OCR, 


}- 
1 > /O 

) / TH- 




Syn- 

alkyl 

ether. 


-CH 


Anti- 

alkyl 

ether. 


{ 


CHjO— N 
|C,H,— CH 

I >0-] 

(.CH, N— / ' 


C,H,CO.NHCH,. 
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Bensaidoxime-O-benzyl ether C^H^CH : NOCH^C^Hg is also known 
in a liquid and a solid modification, m.p. 31®. p-Chloro-benzaldoxime- 
p-ehloro-lenzyl ether, m.p. 114®, and p-bromo-benzaldoxime-p-bromo- 
benzyl ether, m.p. 130°, see B. 33 , 1975. These substances can only 
be split up with difficulty into aldehydes and hydroxylamines. 

Benzaldoxime-N-benzyl ether C^H/'H.O.NCHjCgH^, m.p. 82®, is 
obtained from sodium iso-benzaldoxime with benzyl chloride, and 
from ) 3 -dibenzyl-hydroxylamine by oxidation. Benzaldoxime-N- 
benzyl ethers with nuclear substitution are transposed in a peculiar 
manner by sodium ethylate (A. 298 , 187) : 

XC,h/h.O.NCH,C,H, ► XCJI^CH^N.O.c'hCjH,. 

o 

N-Phenyl-benzaldoxime c,h,ch^ , , melting at 109°, results 

from the union of benzaldehyde with jS-phenyl-hydroxvlamine (p. 78) 
(B. 27 , 1958 ; C. 1898, II. 80). 

Benzantialdoxime acetate CeH5CHNO(OC.CHs) melts at 15® 
(B. 27 , R. 599). 

Benzaldoxime peroxide C^HgCH : N.O.ON : CHC^H^, m.p. 105° 
with decomposition, results from the oxidation ol benzaldoxime with 
sodium hypochlorite, or amyl nitrite, and also, together with benzo- 
nitrolic acid, from the action of nitrous acid upon phenyl-iso-nitro- 
methane. On heating with chloroform it undergoes a peculiar trans- 

formation in to (B. 39 , 2522). 

Benzaldoxime-N-carbonamide C^H5CH.C3.N.C0NH2, m.p. 125®, 
from benzaldehyde and hydroxyl-urea (Vol. I.). On heating it breaks 
up into a-benzaidoxime, benzo-nitrile, and cyanic acid (C. 1908, 1 . 948). 

Benzaldoxime-O-acetie acid C^H5CHN(OCH2COOH) melts at 98°, 

/N.CHj.COOH 

the N-dcnvatwe at 183® with decomposition. 

They are formed when chJoracetic acid acts upon f)otassium benzal- 
doxime. When decomposed, the yields gl\ collie acid and the second 
amidoj^d-acetic acid HO.NH.CHg.COOH ( 1 . 350) (B. 29 , R. 169). 
Isomerisms similar to those of the benzaldoximes are shown by many 
substituted benzaldoximes, ketoximes, the benzile-dioximes, etc. 

Benzal-amido-solphonic acid CeH^.CH : NSO3H results from benz- 
aldehyde and amido-sul phonic acid (B. 25 , 472). 

Substituted benzaldetaydes behave towards oxidising and condensing 
agents like benzaldehyde itself. The formation of heterocyclic bodies 
from o-nitro- and o amido-benzaldehyde is especially worthy of notice. 

Haloid benzaldehydes are formed when oxalic acid or sulphuric 
acid (A. 272 , 148) acts up^n the halogen benzal chlorides ; or by oxidis- 
ing cinnamic acids containing halogens in the nucleus : 


o-Chloro-beiizaldehyde melts at - /f ° , 

boils at 213°; the oxime melts at 

75 * 

m-Cbloro-lMiualdebyde 

n°-. 

213': 

70" 

p>Ohloio>b«iualdebyde 

47“; 

.. *13*1 

106® 

o-Bromo-bensaldehyde 

21°; 

o-lodo>lMi»«ldehyde 

37 “ 

p-BHWo-bwiialdohyda 

57°; 

p-lodo>beiiMldefayde 

73 *. 

See B. 29 . 875, for the di- 

and ietrachlorchbenzaldehydes. 
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0 -, m-, p-Iodoso-benzaldehydes C«H4(IO)CHO, and 0 - m-, p-iodoxy- 
benzaldehydes CeH4(IOa)(CHO), have been obtained from the correspond- 
ing iodide-chlorides (B. 29, R. 774). 

Nitro-benzaldehydes N02C^H4CH0. On dissolving benzaldehyde 
in nitro-sulphuric acid, the chief product is meta-nitro-benzaldehyde. 
o-Nitro-benzaldehyde is formed simultaneously (B. 14, 2803). o-Nitro- 
benzaldehyde is obtained by the oxidation of o-nitro-benzyl alcohol 
(C. 1899, II. 950) or from o-nitro-cinnamic acid or its ester (B. 17, 121). 
It results also from o-nitro-toluol by oxidation with manganese per- 
oxide and sulphuric acid (C. 1907, I. 383) or manganese persulphate 
(S04)2Mn (C. 1906, II. 1590). Also, with its oxime, from the di-mercury 
compound of o-nitro-toluol by oxidation with HNOg (C. 1908, II. 209). 

Para-nitro-benzaldehyde results (i) by the oxidation of p-nitro- 
cinnamic acid (B. 14, 2577) ; (2) by allowing CrOaClg and water to act 
upon p-nitro-toluol in carbon disulphide (B. 19, 1061) ; (3) when 
p-nitro-benzyl chloride is boiled with water and lead nitrate, or when 
sulphuric acid acts upon p-nitro-benzal chloride. 

The oximes of o- and p-nitro-benzaldehyde are obtained from o- 
and p-nitro-toluol by the action of amyl nitrite and sodium ethylate 
(C. 1899, II. 371 ; 1900, I. 886, 1273). In the form of their acetates 
C4H4(N02)CH(0C0CH3)2 they are obtained from o- and p-nitro-benz- 
aldehvde by the oxidation of a solution of o- and p-nitro-toluol in acetic 
anhydride sulphuric acid with chromic acid (A. 311, 355) : 

M.p. M p M.p. 

o-Nitro-benzaldehyde, 46®; oxime, 103 (o) 149“ (i 3 ) ; hydrazone, 153* 

m-Nitro-benzaldehyde, 58", 117 (a), 118 ( 3 ) ; „ 121* 

p-Nitro-benzaldehyde, 107*; „ 130'’ (a), 174'' (3) ; „ I^ 5 ^ 


o- and p-Nitro-a- or anti-bcnzaldoximes pass, on illumination of 
their benzene solution, into the more stable or s} n-aldoximes (B. 86, 
4268). 

On the behaviour of the nitro-benzaldehydes in the animal organ- 
ism, see B. 25, 2457. 

The effect of light on o-nitro-benzaldehyde in indifferent solvents 
is to transpose it entirely into o-nitroso-benzoic acid [q,v.). In alcoholic 
solution the corresponding o-nitroso-benzoic esters are produced, with 
the acetals of o-nitroso-benzaldehyde as intermediate products. The 
entry of a second substituent in o-position to the aldehyde group, pre- 
vents the acetal formation and the power of transposition (“ Steric Hin- 
drance," A. 371, 319). o-Nitro-benzaldehyde condenses with aldehyde 
and acetone, through the action of dilute caustic soda, to o-nitro-phenyl- 
lactic acid aldehyde and o-nitro-phenyl-lactic methyl ketone, which 
caustic soda converts into indigo : 


CH,CHO 


, ti]CHO_ ( 

• M[2]no, ( (cn,),co 




►C.H, 


CH(On) CH,CHO_ 

Indigo. 


|CH(OH).CH,.COCII, r 
(NO, 


S-Nltro-2-ehloro-beiizsldehyde NO,.C,HjCl.CHO, melts at 8o° ; its 
oxime at 147°. The latter is readily converted by boiling alkali into 
nitro-salicylic acid (B. 26, 1253). 8-Nitro-4-bromb-bentaldehyde NO,. 
C,H,BrCHO melts at 103® ; its oxime at 145° (B. 24, 3775)- 2-Hltro- 
5 -obloro- and -bromo>benzaldebyde, m.p. 76° and 74° respectively, by 
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nitrogenation of m-chloro- and m-bromo-benzaldehyde respectively 
(B. 88 , 2811). 2 -Nitro- 4 -ehloro- and -bromo-benzaldehyde, m.p. 67° 
and 98® respectively, are formed by a peculiar reaction from 4-amido- 
2"nitro-benzaldoxime on treatment with ferric sulphate and concen- 
trated HCl, and HBr respectively (B. 37 , 1861). 

2 , 4 -Dinitro-benzaldehyde (N02)2[2, 4]C,H8CHO, m.p. 72°, is ob- 
tained by the oxidation of 2, 4-dinitro-benzyl-aniline or its sulphonic 
aeid (N02)2CeH3CH2NHC8H4S03H with permanganate or chromic acid, 
the Schiff bases first formed being split up by the acid ; it is also pro- 
duced by the breaking up of its dlmethyl-amido-anile (N02)2CeH3CH : 
'SC^VL^}i(Cllp)p obtained by the action of p-nitroso-dimethyl-aniline 
upon 2, 4-dinitro-toluol. From 2, 4, 6-trinitro-toluol we obtain in 
this manner the 2 , 4 , 6 -trinitro-benzaidehyde (N02)3[2, 4, bJCjHgCHO, 
m.p. 1 19®. Like the o-nitro-benzaldehyde, the o, p-dinitro- and the 
sym. trinitro-benzaldehyde are easily transposed by light into p-nitro- 
o-nitroso- and dinitro-o-nitroso-benzoic acid (B. 35 , 2704 ; 86, 959 ; 
C. IQ02, II. 741). 

Hydroxylamino-, Nitroso-, Azoxy-, and Azo-benzaldehydes.— By 

electrolytic reduction in sulphuric acid, and by reduction with zinc dust, 
we obtain from m- and p-nitro-benzaldehyde in the first place aldehydo- 
phenyl-hydroxylamines CHO.C3H4NHOH, which, with unchanged 
nitro-aldehyde, combine to form aldehydo-phenyl-nitro-n-benzal- 

doximes The o-nitro-benzaldehyde may be 

reduced to the very unstable hydroxylamino-benzaldehyde, which is 
easily condensed to its inner anhydride anthranile. In the form of its 
nitroso-compound CHO.C3H4N(NO)OH, m.p. 52*5®, we obtain o-hydro- 
xylamino-benzaldehyde by reducing o-nitro-benzaldehyde with zinc 
dust in the presence of amyl nitrite (B. 42 , 2574). The same nitroso- 
compound also results from anthranile with HNOg. With alkalies it 
gives stable salts, while with acids it is converted into a mixture of 
diazotised o-amido-benzaldehyde and o-nitroso-benzaldehyde CHO 
[i]C 3H4[2]XO, white needles of m.p. no® (B. 42 , 2573). 

0 - Hydroxylamino - benzaldoxime HONH[2]C3H4CH : NOH, m.p. 
120®, is formed by reduction of o-nitro-benzaldoxime. This oxime is 
also formed from anthranile with hydroxylamine, and is reconverted 
into anthranile by acids. By oxidation, in air, it passes into the oxime 
of 2 -azoxy-b 6 nzaldehyde ON2(C3H4[2]CHO)2, m.p. 211® (B. 36 , 3654). 
The aldehyde melts at 119® ; it is more easily obtained by the reduction 
of o-nitro-benzaldehyde acetic acid splitting (B. 39 , 4265). On a 
peculiar reduction product of o*nitro-benzaldehyde C14H12N2O5, m.p. 99®, 
which reacts like a molecular combination of o-nitro- and o-hydroxyl- 
amino-benzaldehyde, see B. 39 , 4252. By a further reduction of 
m- and p-nitro-benzaldoxime-n-aldehydo-phenol ether, we obtain 
the corresponding derivatives of azoxy-benzaldoximes, which are split 
up by ferric chloride into the azoxy-benzaldehydes ON2(C3H4CHO)2, 
m m.p. 129®, p- m.p. 190®, and nitroso-benzaldehydes NO.C3H4.CHO. 
p-Azoxy-benzaldehvde is also obtained in the form of its aniline com- 
pound 0N2(C3H4CH : NC3H5)2 from p-nitro-benzyl-aniline NO2C3H4 
CH2NHC3H3 by the action of potash (see also B. 36 , 3469). p-Nitroso- 
benzaldehyde combines with aniline to form the anile of p-benzol-azo- 
benialdeliyde C3H3N : NC3H4CHO, m.p. 120®, whose acetd is also pro- 
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duced by the reduction of a mixture of nitro-benzol and p-nitro-benz- 
aldehyde alcohol, beside the acetal of p-azo-benzaldehyde CHO.C,H4N : 
NC4H4CHO, m.p. 238“ (B. 35 , 2434 ; 86, 793 ; C. 1902, II. 195, 700 ; 
1903, 1. 286). 0- and m-azo-benzaldehyde-acetal, m.p. 144° and 150°, 
are formed by reduction of the nitro-benzaldehyde acetals with zinc 
dust and sodium hydrate (C. 1904, 1 . 1498). The o-azo-benzaldehyde- 
acetal yields on saponification with ^lute SO4H. y~oxy-B-phenyl- 
X(OH) 

indazol (C. 1907 . I- 1575)- 

Amido-benzaldehydes NH2CeH4CHO. The o- and p-bodies are 
obtained in the action of ferric chloride upon their oximes, which are 
formed by the reduction of o- and p-nitro-benzaldoximes with 
ammonium sulphide (B. 15 , 2004 ; 16 , 1998). 

o-Amido-benzaldehyde is also obtained by reducing o-nitro-benz- 
aldehyde and anihranile (see this) with ferrous sulphate and ammonia 
(B. 17 , 456). m-Amido-benzaldehyde is formed when m-nitro- 
benzaldehyde is reduced with tin and glacial acetic acid. 

A further process for preparing o- and p-amidated benzaldehydes 
uses the action of alkali sulphides upon nitro-benzyl alcohols and their 
derivatives ; a reduction of the nitro*group and an oxidation of the 
alcohol group takes place (C. 1900, I. 1084). 

o-Amido-bensaldehyde . melts at 30*' * its oxtme at 135** (B. 38 , 803) 

m-Anddo-benialdehyde is yellow and amorphous ; ,, 88** 

p-Amido-benzaldetayde . melts at 70* ; „ 124® (/. pr. Ck. 2, 58 , 97). 


For preparing the derivatives of the amido-benzaldehydes, very 
unstable in themselves, their acetyl derivatives are specially suitable. 
Their melting-points are : o-, 71° ; m-, 84° ; and p-, 161° (C. 1903, I. 


775. 921). 

p-Dimethyl- and p-diethyl-amido-benzaldehydes, melting at 73® and 
81®, are obtained when the condensation products from chloral and 
dialkyl-aniline — e.g, p-dimethyl-amido-phenyl-trichlorethyl alcohol 
(CH;j)2NCeH4CH(OH)CCl3 — are acted upon with alcoholic potash 
(B. 19, 365). p-Dimethyl-amido-benzaldehyde condenses to hexa- 
methyUleucanxline (see Triphenyl-methane dyes) with dimethyl- 
aniline. 


For further condensation products of p-dimethyl-amido-benz- 
aldehyde, see B. 35 , 3569. 

Tetramethyl-2, 4-diamido-benzaldehyde, m.p. 8®, b.p.14 203®, from 
tetramethyl-m-phenylene-diamine and chloral (B. 41, 91 )- 

The o-amido-benzaldehyde is easily diazotated with concentrated 
HCl ; on treating the diazonium salt with sodium nitride we obtain 

o-azldo-benzaldehyde ^N[ 2 ]C,H 4 CH 0 , m.p. 37®. This body is also 


produced by a peculiar transposition of the diazo-benzaldoxime an- 

] i 

hydride, indiazonoxime, N : N[2]C4H4C : NOH, m.p. 166®, formed during 
the diazotation of o-amido-benzal-dioxime, performed by warming in 
water, or treating with cold alkali. The same reactions have been 
carried out with dimethyl-, dichloro-, and dibromo-o-amido-benz- 
aldehyde. 

o-Azido-benzaldehyde, on heating alone, or with water, loses 
nitrogen, and passes into anthranile. A similar behaviour is shown 
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by the o-asido-bensaldoxime N,[2]CeH4CH : NOH, m.p. 103°, which, 
on boiling with NaiHO, gives n-oxy-indacol (B. 85 , 1885) : 


n>Oxy-indazol 


* ‘\CH:NOH 


r* M 


Anthranile (?). 


The Hetero-ring Formations of o-Amido-benzaldehyde. — o-Amido- 
benzaldehyde combines especially readily with compounds containing 
a CHj-CO group, in the presence of dilute caustic soda. The products 
resulting at first are of an aldol nature, for they immediately split off 
water and yield quinolin or its derivatives. o-Amido-benzaldehyde 
combines with acetaldehyde to quinolin, with acetone to quinaldin, 
with malonic acid to ^-carbostynle-carboxylic acid (B. 25 , 1752), and 
with urea to quinazolone (B. 28 , 1037). Alcoholic ammonia transposes 
the acidyl-o-amido-benzaldehydes into quinazolins : 


r[i]CHO 
• n[2]XH,“ 


CH CHO fCH-CH 

In— c— CH3 

CHicom fCH=C-COOH 

ch«(CQ«h)..^ I 

( N :=r_C(OH) 




CO(XH.). c H ^ V 

NH. = N 

[2.1NHCOCH, “ In^AcH, 


Quinolin 


Quinaldin 


P‘C arbostynle-carboxy- 
hc acid 


Quinazolone 

Pheno-^-methyl-meta- 
diazin, a-Methyl-quin- 
azolin 


On the condensation of o-amido-benzaldehyde by means of zinc 
chloride to anhydro-o-amido-benzaldchyde (C^HeN)^., see B. 31 , 658. 

Benzaldehyde-m-sulphonic acid S03H.C<,H4CH0, white deliquescent 
cr3^stals (B. 24 , 791). Benzaldehyde-o-sulphonic acid is obtained from 
o-chloro-benzaldehyde with sodium sulphite, as well as by oxidation of 
Og-stilbene-disulphonic acid. The chloride, m.p. 114°, treated with 
NH3 and then oxidised in air, yields saccharin (C. 1898, I. 540 ; 1901, 
I. 806). Benzaldehyde-mono- and -disul phonic acids are also produced 
by oxidation of toluol-sulphonic acids with MnOj and fuming sulphuric 
acid (C. 1904, II. 1269). 


(3) Aromatic Monoketones. 

The oxidation products of the secondary phenyl-paraffin alcohols 
are mixed ketones, in which an aromatic and an aliphatic hydrocarbon 
residue are joined by the CO group. The ketones containing two 
benzene residues linked by carbonyl, such as benzo-phenone or diphenyl- 
ketone, will be discussed later in connection with the corresponding 
hydrocarbons, like diphenyl-methane. 

Formation. — Mixed aromatic-aliphatic ketones are usually produced 
by reactions similar to those employed with the aliphatic ketones : 

(i) By the oxidation of secondary alcohols, like phenyl-methyl 
carbinol. 

(2a) From the di-secondary and secondary-tertiary phenyl-ethylene 
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glycols and ethylene oxides by heating with dilute acids pr alone 
(C. 1905, II. 1628 ; 1907, I. 1577) ; 

C,H,CH(0H).CH(0H)CH3 ► C,H.CH,.CO.CH, ■« CH.CH,. 

(26) From the iodo-hydrins of some olefm-benzols on treating with 
NOjAg or HgO, with migration of the phenyl group : 

(3) When sulphuric acid acts upon phenyl-acetylene : 

CeHfiC : CH > CeH^COCHg. 

Nuclear Synthesis. — (4) By the distillation of a mixture of calcium 
salts of an aromatic and a fatty acid (C. 1910, I. 1008). 

(5) By the action of zinc alkyls on acid chlorides (A. 118 , 20). 

(0) By the action of alkyl-magnesium iodides upon aromatic 
nitriles addition products are obtained, which, on decomposition with 
mineral acids, give aromatic ketones (C. 1902, I. 299) : 

C.H.C=N+CH3MgI ► ^ C.H.COCH,. 

Benzo-nitrile oxide with alkyl-magnesium haloids gives 

ketoximes (B. 40 , 1672). 

(7) From benzols by the action of aliphatic acid chlorides and A 1 
chloride or ferric chloride. Additive compounds of these chlorides 
and the acid chlorides are first formed, e.g. (CH3C0C1)A1C13, and these 
thereupon react with the hydrocarbons (B. 33 , 815 ; C. 1900, II. 188 ; 
1901, I. 1263). 

(8) By heating aryl-glycidic acids. These are easily obtained 
synthetically by condensing aromatic aldehydes or ketones with 
a-chloro-propionic ester and sodium ethylate (C. 1006, 1. 669) : 

CeHjCOCH, ► ► CeH5(CH3)CHCO.CH8. 

(9) From aldehydes with diazo-methane (B. 40 , 479). 

(10) In the alkyl-phenyl ketones the H atoms adjoining the car- 
boxyl group may be replaced by alkyls by the action of sodium amide 
and h^ogen alkyls (C. 1909, I. 647 ; II. 600) : 

C,H,C 0 CH,CH 3 C,H 3 C 0 .C(C 3 H.) 3 CH 3 . 

(11) By decomposing j 3 - ketone-carboxylic acids — e.g. mono- and 
dialkyl-benzoyl-acetic acids (B. 16 , 2131) — with alcoholic potash. 

(12) Acyl-benzenes finally result, as a consequence of intra-molecular 
rearrangement, upon heating the alkyl ethers of phenyl-olefin alcohols, 
which are prepared by the distillation of ortho-ethers of aceto-phenone. 
In this way the acidyl benzols can be built up from aceto-phenone 
(Claisen, B. 29 , 2931) : 

CeHftCO.CH, ►C 8 H 5 C(OCHj) 8 .CH, ►CeHsCfOCH,) • CHa ^CeHjCOCHa.CHt 

Aceto-phenone and higher ketones are found in the so-called heavy 
benzene oil of coal-tar (B. 36 , 754). 

Properties and Behaviour. — The mixed aromatic-aliphatic ketones 
are colourless liquids, insoluble in water, and possess an odour which 
IS not disagreeable. 
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(i) On reduction they pass into secondary alcohols or the corre- 
spon^ng alk\d-benzols (C. 1905, I. 29). 

(2a) Chromic acid transforms the ketone CjHj.COR into benzoic 
acid and the alk}^, which is further oxidised. 

{zb) Potassium permanganate converts them into a-ketone-carbo- 
xjiic acids (B. 23 , R. 640 ; 24 , 3543 ; 26 , R. 191). 

(3) Acids and acid amides, with the same number of carbon atoms, 
strangely enough, are formed when phenyl-alkyl ketones are heated 
with yellow ammonium sulphide (/. pr. Ch. 2, 81 , 74, 382) : 


C,H,COCH,CH, { 


C,HjCH,CH,CO,H 
C,H,CH,CH,CONH, ’ 


With increasing number of carbon atoms in the side chain, the 
yield of carboxylic acids decreases, so that it vanishes in phenyl-heptyl 
ketone. 

(4) On heating benzene ketones with sulphuric acid, the acetyl 
group splits off, and benzol-sulphonic acid results (B. 19 , 2623). 

(5) Those ketones in which the CO group is attached to the benzene 
nucleus do not unite with alkaline bisulphites. 

(6) The phenyl-alkyl ketones apparently form but one acetoxime 
with hydroxjdamine ; the opposite is true of benzaldehyde. 

(7) They form hydrazones with phenyl-hydrazin. 

(8) With phosphoric and arsenic acids the aryl-methyl ketones 
especially form crj-stalline compounds, some of which, when heated, 
regenerate the hydrocarbons with elimination of the keto-group 
(B. 32 , 1549 : S 5 , 2313). 

(9) On heating with sodium amide in benzene solution, the trialkyl- 
aceto-phenones break up into benzene and the amides of the corre- 
sponding trialkyl-acetic acids (C. 1909, I. 912 ; II. 600) : 

C,H,CO.C(CH,), C,H.+NH,C 0 .C(CH 3 ),. 


Aceto-phenone, phenyl-methyl ketone, acetyl-benzol CjH5.CO.CH3, 
m.p. 20°, b.p. 202®, crystallises in large plates. It is applied as an 
opiate under the name of hypnone. It is formed (i) from phenyl- 
methyl carbinol ; (2) from phenyl-acetylene ; (3) by distilling benzoate 
of calcium with calcium acetate ; (4) by the action of zinc methyl 
upon benzoyl chloride ; (5) from benzene, acetyl chloride, and AICI3 ; 
(6) from benzaldehyde and diazo-methane ; (7) from benzoyl-aceto- 
acetic ester C5H5CO.CH(COCHj).COOC2H5 and benzoyl-acetic ester. 
The methods 3 and 5 are employed in its preparation. 

Nascent hydrogen converts it readily into phenyl-methyl carbinol. 
Chromic acid oxidises it to benzoic acid, and potassium permanganate 
to phenyl-glyoxylic acid. 

Aceto-phenone, like acetone, has been introduced into numerous 
nuclear-synthetic reactions. Some of the simplest of these will be 
given. It may be condensed to dypnone (q,v.) and to [i, 3, sytriphenyl- 
benzol (cp, C. 1900, II. 255), two bodies bearing the same relation to 
aceto-phenone that mesityl oxide and mesitylene have to acetone. 

Aceto-phenone also condenses in the most varied proportions with 
benzaldehyde, forming benzal-aceto-phenone, benzal-diaceto-phenone, 
and dibenzal-triaceto-phenone (B. 29 , 1488). It yields the nitrile of 
a-phenyl-lactic acid with hydrocyanic acid. At higher temperatures 
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chlorine enters the-methyl group ; PCI5 substitutes the ketone-oxygen- 
producing aceto-phenone chloride (A. 217 , 105). Amyl nitrite and 
sodium ethylate convert aceto-phenone into tso-niiroso-aceto-phenone, 
which will be described under Phenyl-glyoxal. 

With ammonia, aceto-phenone reacts like the higher aliphatic 
ketones, with formation of aceto-phenone ammonia (CeH5(CH3)C)3N2, 
m.p. 115® (C. 1907, I. 809). 

Ortho-ethers of aceto-phenone, like aceto-phenone ortho-ethyl ether 
C3H5C(0C2H5)2CH3, b.p. 107® (17 mm.), are prepared from aceto- 
phenone and ortho-formic ethers (B. 40 , 3908). When heated under 
ordinary pressure, or by the action of acid chlorides and pyridin (B. 81 , 
1019), they lose alcohol and pass into alkyl ethers of phenyl-olefin 
alcohols. They yield anilcs with aniline. Aceto - phenone - anile 
CeH^C : m.p. 41°, b.p. 310®. 

Aceto-phenone-ethyl mercaptol C3H5C(SC2H5)2CH3 is oxidised by 
permanganate, in the cold, to the ^sulphone C3H3C(S02C2H3)2CH3, 
m.p. 120° (B. 35 , 2343). 

Aceto-phenone oxime CJTg.C : {N.OH).CH3, m.p. 59®. It is only 
known in one modification (B. 24 , 3482). Bv the action of concen- 
trated sulphuric acid, or of HCl in glacial acetic acid, it is converted 
into acetanilide C3H5.NH.CO.CH3. This remarkable intramolecular 
atomic rearrangement was discovered by Beckmann {“ Beckmann's 
Transposition," B. 20 , 2580 ; 23 , 2746). 

Other ketoximes behave in an analogous manner. The reaction 
has been applied in determining the point of double union in the 
higher olefin-monocarboxylic acids, and for the decomposition, or 
rupture, of ring ketones. 

Aceto-phenone-phenyl-hydrazone melts at 105®. 

Aceto-phenone Homologues. — ^These are numerous, and can be 
arranged in tw^o groups : (A) ketones whose CO group is attached to 
the benzene ring — acidulated benzols ; (B) ketones whose CO group is 
not in immediate union with the benzene ring — phenylated fatty ketones. 

(A) Acylated benzols have been made, especially by the general 
methods b, 7, 10, ll. I 2 . 

Benzoylated paraffins : 


Propio-pbeoone . 

. CeH,COCH,CH,. 

bp. 

210® ‘ 

Butyro-phenone 

. C.H,CO(CH,)aH3 . 

.. 

222° 

Valero-phenone . 

. CeH^COiCHjX^CHj . 


237'^ 

Ifo-valero-phenone 

. CeHjCO.CH,CH(CH3). 

,, 

230 ° 

Tert. butyl-phenyl ketone 

, C*H,C0.C(CH3^3 


220° * 

Caprono-phenone 

. CeH,CO(CH,)4CH3 . 

bp u 

I33'’> 

Iio-amyl-phenyl ketone 

. CeH5COCH,.CHXH(CH;0* . 

bp 

240 ° 

Diethyl-aoeto-phenone 

. C,H 5 C 0 CH(C,HJ, . 


230 °* 

Ethyl-dimethyl-aceto-phenone 

. C.H,C 0 C(CH 3 ),C,H, . 

bp 10 

II2°* 

Hexyl-phenyl ketone . 

. C.H,C0(CH,),CH3 . 

bp 15 

115“ 

Propyl-dimethyl-aceto-phenone 

. CoH,COC(CHs),C 3 H, . 

bp,. 

II2°« 

Triethyl-aoeto-phenone 

. CeH,COC(C,H ,)3 

b P >« 

145 ** 

Lanroyl-benzol . 

. C,H,CO(CH,),oCH 3 . 

m.p. 

47 ** ‘ 

Palmityl-benzol . 

. C,H*CO(CH,)x 4 CH 3 . 

- 

59 ® 

Literature . — ' B. 26 , 1427 i 

36. 1074 • A. 810, 318 * 

B. 40, 

z6oi. 


• C. 1909, 1 . 647. • B. 28 , R. 648 
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Bensoyl-trimethylene C,H4C0.CH<^^^ , formed on heating trimethy- 
lene-benzoyl-acetic acid to 200®, boils at 239®. Its oxime melts 
at 88®. 


Benzoyl-tetramethylene from the chloride of 

tetramethylene-carboxylic acid, boils at 258® (B. 25 , R. 372). 

Nuclear - acidulated Alkyl ~ benzols, Homohenzoylated Paraffins , — 
p-Acetyl-toluol is produced when concentrated nitric acid acts upon 
c\'mene (pp. 58), and acetyl-3, 4-(o)-xylol is formed from camphor by 
the action of concentrated sulphuric acid (B. 26 , R. 415) : 


p-Acetyl-tolool CHaCOUJ.C^H^fil.CHa boils at 224“ 

l-Aoetyl-3, 4-(o)-zylol . . . „ 246® 

l-Aoetyl-2, 4-(m)-zylol . . . „ 247® 

Acetyl-p-zylol ...... 224® 

Aoetyl-mefitylol ...... 235® 

l-Acetyl-2, 4, 5 , 6-dnrol melts at 73® and ,, 206° 


(B 

(B 


24. 3542) 
29. 847). 


(B) Phenylated fatty ketones have been prepared by methods 2, 4, 
5, 6, 8, and ii (p. 264 seq.) : 

Benzyl-propyl ketone CJTjrH2.CO.CH2CH3, b.p. 240®, from benzyl 
cyanide with propyl-magnesium iodide, etc. (C. 1902, 1 . 299). 

Benzyl-methyl-ethyl ketone CgH5CH2CH2COCH2CH3, b.p. 257®, 
from a-benzylidene-methyl-ethyl ketone by reduction, or by distilla- 
tion of calcium hydro-cinnamate or propionate (B. 85 , 971). 

Substituted Aceto - phenones. — Haloid Aceto - phenones. — Aceto- 
phenones containing halogens in the methyl group will be discussed 
after the corresponding oxygen derivatives : henzoyUcarhinol (q.v.), 
phenyl-glyoxal (j.v.), and phenyl-glyoxylic acid (y.v.). p-Haloid 
aceto-phenones, like Cl.C^H4.CO.CH8, have been obtained from 
haloid benzenes, acetyl chloride, and aluminium chloride (cp. haloid 
thiophene ketones) (B. 24 , 997. 3766) : 

p-Chloraeeto-phenone, acetyl^-chloro-benzene, melts at 20® and 
boils at 230® (B. 18 , R. 502). 

j^BronkSLeeto^^henonef acetyl^p’bromo-benzene, melts at 51®. 

p-lodaceto-phenone, acetyl-p-^iodo-benzene, melts at 83®. 


NItro-aceto-phenones. — The meta-body is the chief product (just as 
in the case of benzaldehyde) when aceto-phenone is dissolved in fuming 
nitric acid ; at 30®-40® o-nitro-aceto-phenone predominates (B. 18 , 
2238). The three isomerides can be prepared from the three nitro- 
benzoyl-aceto-acetic esters (see these) (A. 221 , 323). 

p-Nitro-aceto-phenone is formed when concentrated sulphuric acid 
acts upon p-nitro-phenyl-propiolic acid (see this), through the rearrange- 
ment of the nitro-phenyl-acetylene, formed at first, by water (A. 212 , 
160) (see method of formation 3). 

o-Ritro-aeeto-phenone, b.p.jg 159®; oxime, m.p. 115® (C. 1902, 1 . 472) 

m-Nltro-aceto-phenone, m.p. 81®; ,. „ 131® (B. 37 , 3542) 

p-Nltro-aeeto-phenone, „ 80®. 


o-Nitro-aceto-phenone oxime is also produced from o-nitro-ethyl- 
benzol NOjCgHiCH^CHg with amyl nitrite and sodium ethylate (see 
Nitro-benz^doximes, and C. 1900, 11 . 458). 
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m-Dlnitro-aeeto-pbenone, m.p. 83®, is prepared from dinitro- 
benzoyl-aceto-acetic ester with H2SO4 (/. pr. Ch. 2, 65 , 290). 

o-Nitro-aceto-phenone, on gentle reduction with zinc dust and 
sal ammoniac or tin and acetic acid, is converted into o-hydroxylamino- 

aoeto-phenone anhydride or o-methyl anthranile 

III®, a colourless oil, easily volatilised with steam, which must be 
regarded as analogous to anthranile ; like the latter, it forms with 
sublimate a double compound, which, on further reduction, passes 
into amido-aceto-phenone. On heating at ordinary pressure it is trans- 
posed into indoxyl or converted into indigo (see Indigo syntheses, and 
B. 86, 1611). 

m-Hydroxylamino-, azoxy- and azo-aceto-phenones, see B. 36 , 

1618 ; C. 1903, II. 112. 

Amido-aceto-phenones C4H4(NH2).CO.CH3. 

0-, m- and p- Amido-aceto-phenone are obtained : by reducing 
o-nitro-aceto-phenone (A. 221 , 326) ; the o-amido-aceto-phenone has 
also been prepared from o-amido-phenyl-propiohc acid by boiling in 
water (B. 15 , 2153) ; from o-amido-phenyl-acet3dene C4H4(NH2)C i CH 
by the action of sulphuric acid (B. 17 , 964) ; by boiling o-amido-phenyl- 
propiolic acid with water (B. 15 , 2153) ; and a slight quantity on heating 
aniline with acetic anhydride (B. 18 , 2688). o-Amido-aceto-phenone is 
a thick yellow oil, which boils at 242^-252®, and possesses a character- 
istic sweetish odour. m-Amido-aceto-phenone melts at 93®. p-Amido- 
aceto-phenone melts at 106® ; its oxime melts at 147® (B. 20 , 512). A 
pine splinter dipped into the aqueous solution of o-amido-aceto-phenone 
hydrochloride is coloured an intense orange-red. 

0-, m- and p-Acetyl-amido-aceto-phenones CH3CONHCeH4COCH3, 
m.p. 77°, 129®, and 167®. The p-body is also formed from diacet- 
anilide by transposition on heating with HCl or zinc chloride (C. 1903, 
I. 832). 

Hetero-ring Formations of the Aromatic o-Amido-ketones. — (i) Di- 

methyl-quinolin is produced (B. 19 , 1037) when o-amido-aceto-phenone 
is digested with acetone and sodium hydroxide. 

(2) o-Acetyl-amido-aceto-phenone is condensed by NaHO to 
a-methyby-oxy- and a-oxy-y-methyl-quinolin (B. 32 , 3228). 

(3) and (4) Oily nitro-compounds are formed in the nitration of 
phenyl-acetone and benzyl-acetone. They yield, by reduction, 
j 3 -methyl-dihydro-ketol and tetrahydro-quinaldin (B. 14 , 889), as the 
o-amido-bodies (probably the o-amido-alcohols) produced at first 
sustain an intramolecular anhydride formation : 


C.H4 


^[i]CO.CH. CH, 
\[a]NH, COCH, 


NaOH 


|C(CH.)-CH 
‘ *IN- - LCH. 


C,H,.CH, CO.CH, ► 

C,H,.CH,.CH,.CO.CH, ► 


([x]CH,CO,CH,\^ ^ |CH,— CHCH, 

CfH, \ j > CgH, \ 

, U»]NH, / InH^ 

f ni]CH,.CH, . CO.CH, \ (CH,— CH, 

CgH, < I ■' ■■ ► C,H4 . 

^ U2]NH4 / tNH~CHCH, 


Dihydro- A?- 
metbyl-iodol 


Tetrahydro- 

quinaldin. 


(4) Aromatic Monocarboxylic Acids. 

The aromatic carboxylic acids result upon replacing the hydrogen 
in benzene or its homologues by the carboxyl group. This group in 
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these new derivatives is directly linked, as in the benzene-carboxylic 
acids, to the benzene ring, or it replaces the hydrogen of an alkyl 
side chain : 


C,H,.CO,H 

Benzoic 

acid 

CHs.C,H4CO,H 
Toluic acids 


C4H4(C0,H), 
Phthalic acids 

(CH,)4C.H3C0,H 
Xyhc acids 


C.Hs(CO,H)5 . . . C,(CO,H), 

Benzene- tricar- Mellitic acid 

boxylic acids 

C.U,CHfiO^U CeH^CH.CH.CO.H 

Phcnvl-acetic acid Hydro-cinnamic acid 
a-Toluic acid )5-Phenyl-propionic 

acid. 


Only the monocarboxylic acids will be now discussed, after the 
monohydric aromatic alcohols. 

General Methods of Formation. — (i) While the aliphatic mono- 
carboxylic acids or the paraffin carboxylic acids could not be obtained 
by the oxidation of the paraffins, the aromatic acids can be readily 
obtained from the benzene homologues by oxidising the side chains 
to carboxyl groups. The importance of this reaction in establishing 
constitution has been previously alluded to (p. 54). The most suitable 
oxidants are chromic acid, dilute nitric acid, potassium permanganate, 
and potassium ferricyanide. 

(а) Oxidation with Chromic Acid . — Only the para- and meta- 
derivatives (the former more readily than the latter) of benzenes, carry- 
ing two side chains, are oxidised to acids by chromic acid, while the 
ortho- are either not attacked at all, or are completely destroyed. 

In substituted alkyl-benzenes the alkyl group is prevented from 
being oxidised by chromic acid, if a negative group occup\’ing the o-posi- 
tion with reference to the alkyl group is present (B. 15 , 1021). The 
oxidations are conducted either with free chromic acid in glacial acetic 
acid, or with a mixture of potassium bichromate (3 parts) and sulphuric 
acid {3 parts), diluted with 2-3 volumes of water. 

(б) Oxidation with Nitric Acid . — When oxidising with nitric acid, 
use acid diluted with 3 parts of w’ater and boil for some time, in 
connection with a return condenser (2-3 days). Konowaloff contends 
that phenyl-nitro-paraffins arc fust produced ; these then are further 
oxidised to carboxylic acids. To remove the nitro-acids which are 
invariably fonned, the crude product is digested with tin and concen- 
trated hydrochloric acid ; this converts the nitro- into amido-acids, 
which dissolve in hydrochloric acid. 

In the derivatives with two different alkyls the higher alk\'l is usually 
attacked first, by nitric acid or chromic acid ; sometimes ketones are 
present in the intermediate products (see Cymol, p. 58). 

(c) Potassium permanganate often effects the oxidation at ordinary 
temperatures. Ortho-di-derivatives may also be subjected to oxida- 
tion, without the complete destruction of the benzene nucleus follow- 
ing as a consequence. 

(d) Potassium ferricyanide oxidises methyl to carboxyl, if the nitro- 
group occupies the ortho-position relatively to the methyl group. This 
does not occur if the nitro-group holds the meta-position (B. 22 , R. 501). 

(2) Oxidation of the corresponding aromatic alcohols and alde- 
hydes. 

(3) By the addition of hydrogen to the unsaturated monocarboxylic 
adds. Cinnamic acid becomes hydro-cinnamic acid. 
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(4) By the reduction of phenylated oxy-fatty acids, haloid aro- 
matic acids, and ketone-carboxylic acids. 

(5) From the phenyl-alkyl ketones by heating with Am^S, acids and 
acid amides of the same number of C atoms are produced : 


1. C,H,.CH, 

2. C,H,.CH,OH ► C,H,CHO 

3. C,Hj.CH=CH.COOH — 

4. C,Hj.CH(OH).COOH — 

C,H,.CO.CO^H ^ — 

C,H,.CHCl.COOH ^ 

5. C,H,.C0.CH,.CH3 


C.HjCOOH 

C,H,COOH 

C,H,CH,.CH*.COOH 

C,HsCH3 .COOH 

C,H5CH3.C00H 

C.HjCHjCOOH 

C,HsCH3.CH3.COOH. 


Nuclear-Synthetic Reactions . — (6^7) Action of CO2 upon aryl-mag- 
nesium haloids ; phenyl-magnesium iodide gives rise to benzoic acid, 
and benzyl-magnesium chloride to phenyl-acetic acid. 

(6h) Action of sodium and COj upon monobromo-benzols (Kekul6). 

(7) A similar reaction is that of sodium and esters of chloro-carbonic 
acid upon phenols and bromo-hydrocarbons (Wiirtz). 

(8) Fusion of salts of the sulphonic acids with sodium formate. 

(9) Action of carbon oxy-chloride upon benzols in the presence of 
A 1 chloride, acid chlorides being obtained. 

(10) Urea chlorides, in the presence of AICI3, act in an analogous 
manner upon the benzols. Acid amides are the first products. The 
urea chlorides can be replaced (a) by cyanuric acid, or (6) by nascent 
cyanic acid and HCl (B. 32 , 1116) ; (c) with phenyl cyanate we obtain 
anilides; (d) with phenyl-mustard oil we get thio-anilides (/. pr. Ch. 
2, 59 , 572). 

(11) By the action of benzene and aluminium chloride upon ali- 
phatic lactones or olefin-carboxylic acids (C. 1908, II. 1100). 

(12) By the synthesis of the acid nitriles : 

(a) Upon fusing the sulphonates with potassium cyanide ; 

(b) By action of potassium cyanide upon the phenyl-alkyl chlorides ; 

(c) When the bromo-nitro-benzols are heated with potassium 
cyanide ; 

(d) When diazo-salts are treated with potassium cyanide and 
copper sulphate ; 

(e) By heating the iso-nitriles alone. 

The nitriles are changed to carboxylic acids when they are heated 
with mineral acids, or alkalies. 

Nuclear Syntheses : 

6. CeHjMgl + CO, ► CeHjCOOMgl 

7. CeHjBr+ClCO.CjHj+zNa ► CeH^COOC^Hj-f NaCl+NaBr 

8. CeH^SOaNa-hHCOONa ► CeH^COONa-fHSOsNa 

9. C,H,-|-COCl, ^ ► C,H,C 0 C 1 - 1 -HC 1 

io«. C 1 .CONH, ^ ► C,H,CONH,-l-HCl 

b. C,H,-l-CO : NH — C.H.CONH, 
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IOC. C,H,+CO : NC,H, ► C.H.CONHC.H, 

d. C,H,+CS : NC.H* ^ ► C,H,CSNHC,Hj 

II. C.H.+CHaCH : CH.COOH C,H5(CH3)CH.CH,COOH 

12a. CjMsSOjK+CNK ► C,H,CN+SO,K, 

b. CsHgCHjCl+CNK ► C,H,CH,CN+KC 1 

c. C.H^BrNOj+CNK ► C,H«(NO,)CN+KBr 

d. C,H,N,C14-CNK ► C,H,CN+N,+KC1 

c. C.Hj.NC ► C,H,CN. 

(13) By the oxidation of phenyl-pyro-racemic acids with hydrogen 
peroxide (A. 370 , 36S) : 

CeHjCHO ► CeH^CHa.COCOOH ► C^U^CU^COOU, 

(14) Action of benzyl chloride upon sodium-aceto-acetic ester, and 
the decomposition of the ketonic esters — e.g, benzyl-aceto-acetic ester 
— by alkalies. 

(15) The decomposition of phenyl substitution products of the 
malonic acid series — e.g. benzyl-malonic acid — by heat. 

(16) Action of metallic sodium upon the acetates, propionates, etc., 
of the phenyl carbinols : benzyl acetate yields phenyl-propionic benzyl 
ester, while benzyl /9-phenyl butyrate is obtained from benzyl pro- 
pionate. This reaction recalls the synthesis of aceto-acetic ester (Vol. 
I.), inasmuch as, in the latter, alcohol is split off under the influence 
of sodium, while, in the present reaction, acetic acid is liberated ; 

C JH5OOCCH5 H CeHgCHgOOC.CHg H 

CH3CO OCjH,; CgHjCHjOOCCH; 

Aceto-acetic ester ^-Phenyl-propionic benzyl ester. 


Besides these, unsaturated acids are formed by secondary reactions, 
leading, e.g., to phenyl-acrylic acid and phenyl-crotonic acid (A. 108 , 
321 ; M 4 , 200) : 


COOCH,CeH, . 


COONa 
CH : CHC.Hjj 


■f CeH.CHg + H. 


Occurrence, Properties, and Behaviour . — ^The aromatic acids occur 
naturally, partly in a free state, partly in many resins and balsams, 
and in the animal organism (see Benzoic acid). They arise also in the 
decay of albuminoid bodies (see Hydro-cinnamic acid) (B. 18 , 2313). 

The aromatic acids are crystalline solids, which generally sublime 
undecomposed. Most of them dissolve with difficulty in water ; hence 
they are precipitated from their salt-solutions by mineral acids. Elec- 
trolytic reduction (B. 89 , 2933 ; 41,4148), or sodium amalgam, or zinc 
dust will reduce some to aldehydes, while heating with concentrated 
hydro-iodic acid, or phosphonium iodide, converts them into hydro- 
carbons. When heated with lime, or soda-lime, their carboxyl groups 
are eliminated and hydrocarbons result (cp. methane, Vol. I.). 

From the polycarboxylic acids we obtain, as intermediate pro- 
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ducts, acids having fewer carboxyl groups — e.g, phthalic acid first 
yields benzoic acid and then benzene. 

The hydrogen of the benzene nucleus in the acids can sustain sub- 
stitutions similar to those observed with the hydrocarbons and phenols 
by the halogens, and the groups NO2, SO3H, NHg, OH, etc. In other 
respects they are very similar to the fatty acids, and afford correspond- 
ing derivatives by the alterations of the carboxyl group. 

Benzoic acid, phcnyUformic acid CeHg.COOH, m.p. 120° and b.p. 
250°, occurs free in some resins, especially in gum benzoin (from Styrax 
benzoin), in dragon’s blood (from Dcemonorops Draco), also in Peru 
and tolu balsams, where it exists in the form of its benzyl ester. It is 
found as hippuric acid in the urine of herbivorae. 

It is produced by the general methods i and 2 from toluol (B. 86, 
1798), benzyl alcohol, and benzaldehyde upon oxidation, as weU as 
from all hydrocarbons, alcohols, aldehydes, ketones, and carboxylic 
acids, and their derivatives, which are obtainable from benzene by the 
replacement of one hydrogen atom by a univalent side chain. Benzoic 
acid can also be prepared by the oxidation of pure benzene ; this is 
very probably due to the oxidation of diphenyl, which is formed at 
first (A. 221 , 234). Toluol can also be changed to benzyl chloride, and 
this can then be oxidised (see ‘‘Preparation”) to benzoic acid ; or benzo- 
trichloride may be heated with water, concentrated sulphuric acid, or 
anhydrous oxalic acid, and the product will be benzoic acid. It can 
also be obtained, by the nuclear-synthetic reactions 6, 7, 8, 9, 10, and 
12, from benzol, bromo-benzol, sodium-benzol sulphonate, and from 
aniline through diazo-benzol chloride or phenyl-car b\ lamine. Finally, 
COj can be added to benzol by means of aluminium chloride, and 
benzoic acid will result. 

History, — Benzoic acid was obtained from gum benzoin by sub- 
limation, in the beginning of the seventeenth century. In 1775 Scheele 
showed how the acid could be extracted from the gum with lime-water, 
and then be precipitated from the solution of its calcium salt. In 1832 
Liebig and Wohler, in the course of their classic research upon the 
radicle benzoyl, determined the elementary composition of the acid 
and illustrated its connection with benzaldehyde, as well as pointed out 
the simplest transformation products of the acid. This investigation 
produced such a profound impression upon the great master, Berzelius, 
that he proposed as a substitute for the name benzoyl — the name of the 
new radicle containing more than two elements — that of protn or 
orthrin, from the Greek words, Trpwi, the beginning of day, or 6p$po^, 
morning dawn, because a new day was now breaking for organic chem- 
istry. In 1834 Mitscherlich distilled benzoic acid with lime and got 
benzene, which led him to regard the acid as a derivative of this hydro- 
carbon. From that day, and especially since the establishment of the 
benzene theory by Aug. Kekul6, benzoic acid has been serving in con- 
stantly increasing amount as the fundamental material for the pre- 
paration of innumerable products. It is the carbon acid which has 
been most exhaustively’ investigated. The study of its derivatives has 
been greatly facilitated by the fact that the great cry^stallising power of 
the acid has been transferred to most of its compounds (Vol. I.). 

Preparation. — Gum benzoin is sublimed or the resin is boiled with 
milk of lime, and the benzoic acid precipitated with hydrochloric acid. 

VOL. II. T 
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A more advantageous method is the production of the acid from hip- 
puric acid. To accomplish this, boil the latter with concentrated hydro- 
chloric acid. It is also produced when benzyl chloride is boiled with 
dilute nitric acid (B. 10 , 1275). Benzoic acid results from phthalic acid 
by heating its calcium salt to 350° with calcium hydroxide. For its 
preparation by hydrolysis of benzo-sulphonic acids, see C. 1899, ii 73 - 

Properties and Behaviour. — Benzoic acid crystallises from hot water, 
in which it is ver\’ soluble, in white, shining flakes. It sublimes 
readily, and is carried over with steam. It dissolves with difficulty in 
cold water (i part in 600 parts at 0®). Its vapours possess a peculiar 
odour, which produces coughing and sneezing. The officinal benzoic 
acid is obtained by the sublimation of Siam gum benzoin. 

The acid yields benzene and carbon dioxide when heated with lime. 
Benzoic acid, upon reduction, can yield ietra- and hexahydro-benzoic 
acids (q.v.). 

Salts . — ^The benzoates are mostly quite readily soluble in water. 
Ferric chloride throws out a reddish precipitate of ferric benzoate from 
their neutral solutions. 

The potassium salt zC^HgKOj-f HjO crystallises in concentrically 
grouped needles. The calcium salt (C7H502)2Ca+3H20 consists of 
shining prisms or needles. The silver salt C^HgAgOj crystallises from 
hot water in bright flakes. It dissolves in alcohol with great difficulty 
(B. 85 , 1094). 

Homologues of Benzoic Acid. — ^These compounds, like the homo- 
logues of benzaldehyde and aceto-phenone, can be arranged in two 
groups : alkyl^benzoic acids, in which the CO^H group is attached to the 
benzene nucleus, as in benzoic acid itself, and phenyl-fatty acids, in 
which the carboxyl group occurs in an aliphatic side chain of an alkyl- 
benzene. The first group or class is naturally more nearly related to 
benzoic acid than the second group. 

Alkyl-benzoic acids. — Toiuic acids or methyl-benzoic acids CH3.CeH4. 
COjH are isomeric with a-tolmc acid or phenyl-acetic acid. They are 
produced when the three xylols are boiled for some time with dilute nitric 
acid, and from bromo- and iodo-toluol by the nuclear-synthetic methods 
6 and 7, as well as from the three toluidins according to method 12c. 

o-Toluic acid can also be obtained by the reduction of phthalide 
with hydriodic acid (B. 20 , R, 378), as well as by rupturing the ring 
of I, 3-napbthalene-disulphonic acid, i, 3-naphthaiene derivatives, like 
I, 3-dioxy-naphthalene, i, 3-naphthalene-disulphonic acid, i, 3-naph- 
thol-sulphonic acid, upon fusing them with caustic alkali (B. 29 , 1611). 
p-Toluic acid is formed on boiling cymol with dilute nitric acid. 

o-Toluic acid, m.p. 102® 
m-Tolulc acid, „ no®, b.p. 263® 
p-Toluic acid, „ 186®, „ 275®. 

For derivatives of the toiuic acids, see C. 1901, II. 289. 

Ethyl-benzole acids C2H5.CjH4.CO.OH. — The three isomerides are 
known. The o-acid results in the reduction of o-aceto-phenone-car- 
boxylic acid, of methvl phthalide (B. 29 , 2533), and of phthalic acetic 
/C=CHCO,H 

acid C*H4|^0 with hydriodic acid (B. 10 , 2206), and in 

[co 
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that of the chloro-vinyl-benzoic acids with sodium amalgam (B. 27 , 
2761). o- m-, and p-Ethyl-benzoic acids melt at 68®, 47®, and 112® 
(B. 21 , 2830 ; A. 216 , 218) respectively. 

Dimethyl-benzoic acids (CH3)2CeH3C02H. — Mesitylenic acid is 
the most important member of this group. It is formed when mesity- 
lene, symmetrical or [i, 3, 5]-trimethyl-benzol is oxidised with dilute 
nitric acid. Iso-xylol or m-xylol is obtained when this acid is distilled 
with lime. These reactions are the basis of the evidence that iso-xylol 
and its oxidation products, m-toluic acid and iso-phthalic acid, are m- 
di-substitution products of benzene. Further oxidation of mesitylene 
acid leads to uvitinic acid and irimesic acid. 

I, 2-Dimethyl-3-benzoic acid, a-hemelhthtc acid, m.p. 144® (B. 19 , 2518) 

I, 2-Dimethyl-4-benzoic acid, p~xylyhc acid, . ,, 163® (B. 17 , 2374) 

I, 3-Dimethyl-2-benzoic acid, . . . . „ 9^° (B. 11 , 21) 

I, 3-Dimethyl-4 -benzoic acid, . . . . „ 126® (B. 12 , 1968) 

I, 3-Dimethyl-5-benzoic acid, mesitylenic acid, . „ 166° (A. 141 , 144) 

I, 4- Dimethyl-2 -benzoic acid, iso-xylylic acid, . „ 132®, b.p. 268® (A. 244 , 54)* 

Propyl-benzoic acids C3Hiy.CeH4C02H. — o- and p-n-Propyl and 
p-iso-propyl-benzoic acids are known. p-Iso-prop3d-benzoic acid, or 
cumic acid, the oxidation product of the most note. Chromic acid 
oxidises cumic acid to icrephthalic acid, and potassium permanganate 
converts it into p-oxy-iso-propyUhcnzoic acid and p-acciyUhenzoic acid : 

o, n-Propyl-benzoic acid . . m.p. 58® (B. 11, 1014) 

p, n-Propyl-benzoic acid . . ,, 13S® (B. 21 , 2231) 

o-Iso-propyl-benzoic acid . „ 51® (A. 248 , 63) 

Cuminic acid,p-Iso-propylb. „ 117° (A. 219 , 279 ; B. 20 , 8G0). 

Trimethyl-benzoic acids. — Five are known. Dur\dic acid is ob- 
tained from durol, and a-, jS-, and y-iso-durylic acids from iso-durol 
(B. 27 , 3446), upon oxidation with dilute nitric acid. jS-Iso-dur\lic 
acid or mesitylene-carboxylic acid can also be formed from acetjd- 
mesitylene (p. 268) (B. 25 , 503). 

I, 2, 3-Trimethyl-4-benzoic acid, Prehnitylic acid, melts at 167® 

I, 2, 3-Trimcthyl-5-benzoic acid, a-Iso-durylic acid, „ 215® 

1, 2, 4-Trimethyl-5-benzoic acid, Duiydic acid, „ 150® 

I, 2, 4-Trimethyl-6-benzoic acid, v-Iso-durylic acid, „ 127® 

I, 3, 5-Mesitylene-carboxylic acid, p-Iso-durylic acid, ,, 152®. 

Tetramethyl-benzoic acids. — Several are known : 1,2,3, 4-^^/ra- 
methyl-^-benzoic acid, melting at 165®, is the oxidation product of 
pcntamethyl-benzene (B. 20 , 3287) ; i, 2, 3, ^-tetramcthyl-b-henzoic 
acid, durol-carboxylic acid (B. 29 , 2569) ; 2, 3, 5, b-tetrameihyl- 
benzoic acid melts at 127® (B. 29 , R. 233). 

Pentamethyl-benzoic acid (CH3)5.Ce.C02H, melting at 210®, is made 
according to method 9 (B. 22 , 1221). 

Phenyl-fatty acids. — The most important representatives of this 
group are phenyl-acetic acid or a-toluic acid, jS-phenyl-propionic acid 
or hydro-cinnamic acid, and a-phenyl-propionic acid or hydratropic acid 
The synthesis and decomposition of the phenyl-fatty acids can be realised 
in the same manner as the synthesis and decompositions of the fatty 
acids (I. 251). The general methods of formation 2, 3, 4, 5, 6. ii, 12A 
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13, 14, 15, and 16 arc particularly prominent in the formation of the 
phenyl-fatty acids. 

Phenyl-acetic acid, alpha-ioluic acid CgHa-CHa C(\H, melts at 
76® and boils at 262®. This acid is formed from toluol just as acetic 
acid is obtained from methane. Toluol is converted into benzyl chloride, 
and this into benzyl cyanide, which is then digested with sulphuric acid 
(B. 19, 1950 ; 20, 592) ; or the benzyl chloride is converted into benzyl- 
magnesium chloride by magnesium in ether solution, and COg is con- 
ducted through (B. 35, 2523, 2694 : 


CellfiCH. — ► C6H5CHaCl<^~I^ 


C0H.CH2CN ► CflHikCHaCOaH 

CcHiCHaMirCl ► CfiHftCHaCOaH* 


It can also be obtained from phenyl-chloracetic acid CbHj.CHCL 
COgH (B. 14-, 240), from phenyl-glycollic acid or mandelic acid CeH5CH 
(OH).COgH, and phenyl-glyoxyhc acid C^H, CO.COgH, by reduction. 

It is produced when phenyl-malonic acid is heated (see method 15), 
;nd it appears in the decay of albuminates (B. 12 , 649). It may be 
prepared, furthermore, from bromo-benzene, chloracetic ester, and 
copper (B. 2 , 738) ; b\^ heating aceto-phenone with yellow ammonium 
sulphide ; and by oxidising phenyl-p^TO-racemic acid with HjOg. 
Chromic acid oxidises it to benzoic acid. Chlorine, with heat, con- 
verts it into phenyl-chloracetic acid, while in the cold the halogens 
replace the aromatic hydrogen. 

Tolyl-acetic acids, alpha-zylic acids CjH/ The three 

^ V/ rd j jXi 

isomeric acids have been obtained from the three xylene bromides. 
The orthO‘d^Q\d melts at 89®, the meia^ at 61®, and the para- at 91® (B. 20, 
2051 ; 24, 3965). 

p-Xylyl-acetio acid (CH3)2[i, 4]CeH3CH2COOH, m.p. 128®, from 
aceto-p-xylol and AmgS (C. 1897, 11. 411). 

Hydro^innamic acid, jS pbenyl-propionic acid C3H5.CH2.CH,.C02H, 
m.p. 47® and b.p, 280®, is isomeric with a-phenyl-propionic acid, the 
three alpha-xylic acids, the three ethyl-benzoic acids, and the six 
dimethyl-benzoic acids. It is obtained : from cinnamic acid C3H5CH : 
CHCOOH by reduction, e.g. with electrolytic hydrogen evolved at a 
Hg cathode (C. 1903, II. 107), or with sodium amalgam or HI (B. 80, 
1680) ; from pheiiyl-ethyl-magnesium bromide CgHjCHg.CHg.MgBr 
and CO2 (C. 1904, I. 1493) ; from propio-phenone with yellow AmjS ; 
from phenyl-ethyl cyanide (A. 156, 249) ; from benzyl-aceto-acetic 
ester (B. 10, 758) and benzyl-malonic ester (A. 204, 176) ; also from 
benzyl-acetic ester, with sodium (A. 198, 300) (see, further, methods 
5, 6, 14, 15, and 16) ; and in the decay of albuminoid substances (B. 12, 
649). Chromic acid oxidises it to benzoic acid. 

The aliphatic haloid hydro-cinnamic acids, readily obtained by the 
addition of haloid acids and halogens to cinnamic acid, will be described 
after phenyl-lactic and phenyl-glyceric acids. 

Hydratropic acid, a-phenyl-proplonic acid CeH5CH(CH3).C02H, 
b.p. 265®, is an oil, volatile in aqueous vapour. It results from the 
reduction of atropic acid or a-phenyl-acrylic acid C3H5C(=CH2).C02H, 
and in the action of hydriodic acid upon the prussic acid addition 
product of aceto-phenone — the nitrile of atro-lactinic acid (A. 260, 135). 

Higher homologues of these acids are usually made according to 
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the following reactions : — (i) By reduction of homologous cinnamic 
acids (q.v), which can be readily prepared by Perkin's reaction. from 
the aromatic aldehydes. (2) By the reduction of homologous mandelic 
acids, obtained from homologous phenyl-glyoxylic acids. The latter 
result upon oxidising homologous acetyl-benzols with potassium 
permanganate. (3) From the alkyl-phenyl ketones with yellow AmjS. 
(4) From alky Used benzyl cyanides, which are produced by the action 
of alkylogens upon sodium-benzyl cyanide. (5) By the action ot 
benzene and aluminium chloride upon aUphatic lactones and olefin- 
carboxylic acids 

y-Phenyl-butyrlo acid CeH5.CH2.CH2.CH2.COOH, m.p. 517®, is 
formed by the reduction of phenyl-butyro-lactone or of phenyl-crotonic 
acid (C. 1899, I. 792) from a>-bromo-propyl-benzol, Mg, and COg (B. 43 , 
1233) ; also from phenyl-propyl ketone with Am2S (/. pr, Ch. 2, 
80 , 197). 

j 3 -Phenyl-butyric acid CeH5(CH3)CH.CH2.COOH, m.p. 39®, is formed 
(i) by reduction of jS-methyl-cinnamic acid (B. 40 , 1595) ; (2) from 
crotonic acid, benzene, and Al2Cle (C. 1908, II. 1023) ; (3) from phenyl- 
iso-propyl ketone with AmgS ; (4) by the disintegration of the addition 
product of CHgMgl and benzal-malonic ester (C. 1905, II. 1023). 

a-Phenyl-iso-butyric acid CeH5C(CH3)2COOH, m.p. 78®, b.p.jo 150®- 
155®, from benzene, A 1 bromide, and a-bromiso-butyric acid (C. 1899, 
II. 1047). 

jS-Phenyl-iso-butyric acid, benzyl-methyl-acetic acid CeH^CHg 
CH(CH3)C00H, m.p. 37®, b.p. 272®, is split up by means of its quinine 
salt into optically active components (C. 1902, I. 661). 

8-Phenyl-valerianic acid C3H5(CH2)4COOH, m.p. 59®, by reduction 
of phenyl-cumalin with HI (B. M, 1675, R. 14). 

a-Phenyl-iso-valerianic acid (CH3)2CH.CH(CeH5)r00H, m.p. 59®, 
and a-methyl-jS-phenyl-butyric acid CH3CH(CeH5)CH(CH3)COOH, m.p. 
132®, from iso-propyUdene-acetic acid and tiglinic acid with benzene 
and AI2CI3 (C. 1908, II. 1 100) . a-Methyl-y-phenyl-butyric acid C5H5CH2 
CHoCH(CH«)COOH, m.p. 67®, from phenyl-iso-butyl kedne and 
Am2S(/. pr, Ch. 2, 80,198). 

{b) Derivatives of the Aromatic Monocarboxylic Acids. 

The derivatives of benzoic acid and its homologues arrange them- 
selves into two groups. The first group comprises those compounds 
resulting from the alteration of the carboxyUc group (see Acetic acid, 
Vol. I.), and the second group the aromatic substitution products with 
the exception of the phenol monocarboxylic acids. The first group 
divides itself into A, the benzoyl-compounds ; B, the benzenyl com- 
pounds and the derivatives of ortho-benzoic acid. The chemistry of 
no single carboxyUc acid has been so fuUy developed as that of 
benzoic acid. 

Benzoyl Compounds. 

I. Esters of the Monobasic Aromatic Acids (Vol. I.).— The 
benzoic esters of the alcohols and phenols can be prepared like the acetic 
esters. Like the latter, they are frequently employed in determining the 
number of alcohoUc hydroxyl groups present in a compound. They are 
formed (i) by the action of hydrochloric acid upon an alcohoUc solution 
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of benzoic acid. In the substituted benzoic acids the following rule is 
found : — Ortho-substituted acids take a longer time to esterify than 
m- and p-substituted acids (Z. physik, Ch. 24 -, 221). In the diortho- 
substituted acids, like mesitylene-carboxylic acid, 2, 6-dibromo-, 
2, 4, 6-tribromo-, and 2, 4, 6-trinitro-benzoic acid, the ester formation 
is usually so slow on boiling with alcohol and HCl that it is practically 
non-existent (B. 28, 1468 ; 29 , 1399, 2301 ; 83 , 2026 ; 42 , 317 ; C. 1901, 
II. 1117). But the ester formation is easily accomplished by heating 
these acids to i8o®“200® with alcohol, even without a catalyser 
(Z. physik, Ch. 66, 275). The esters of these acids are also obtained 
readil}^ (2) from the silver salts with halogen alkyls, or the alkali salts 
with dimethyl sulphate ; (3) by treating with diazo-methane (B. 81 , 
501). Furthermore, the esters of benzoic acid are produced (4) by the 
action of benzoyl chloride or benzoic anhydride upon alcohols, alco- 
holates, phenols, and phenolates. In carrying out the second reaction 
it is advisable gradually to add sodium hydroxide, and shake the 
alkaline, aqueous solution of the alcohols with bcnzo} ! chloride until 
there is a permanent alkaline reaction (Baumann, B. 19 , 3218). In this 
manner, ^so, the benzoyl ethers of the poly-alcohols, the polyoxy- 
aldehydes — e.g. of the glucoses — have been obtained, and nearly all 
have been completely benzoylated (B. 22 , R. 668). 

Methyl-benzoic ester boils at 199°. The ethyl ester boils at 213® ; the 
n-propyl ester at 229® ; the n-butyl ester at 247®. Glycol dibenzoate 
melts at 73® (B. 23 , 2498). Glycerol tribenzoate melts at 76® (B. 24 , 
779 ; C. 1902, 1 . 1224). Erythrol tetrabenzoate melts at 187®. Mannitol 
hexabenzoate melts at 124®. Glucose pentabenzoate melts at 179®. 

Methylene dibenzoate CH2(0COCgH5), m.p. 96®, by heating benzoyl 
chloride with trioxy-methylene and zinc chloride, an intermediate pro- 
duct being Cl.CHgOCOCfiHj (C. 1901, II. 396, 682). 

Benzoyl-glycoUic acid CgH5CO.OCH2.CO2H consists of large prisms. 
It results when nitrous acid acts upon hippuric acid. Phenyl-benzoic 
ester melts at 71® and boils at 314® (A. 210 , 255 ; B. 24 , 3685). The 
benzyl ester melts at 20® and boils at 323® (B. 20 , 647). It occurs in 
Peru balsam (A. 152 , 130). For the benzoyl compounds of the homo- 
logous phenols, see Phenols, 

0-, m- and p-Toluic methyl esters, b.p. 213® and 221®, m.p. 34® 
(C. 1901, II. 290). 

Phenyl-acetic ethyl ester CgH5CH2COOC2H5, b.p. 226®, from benzyl 
cyanide, alcohol, and HCl (A. 296,361). Phenyl ester, m.p. 38®, b.p.^ 
180®. Phenyl-acetic ester adds itself to ajS-unsaturated ketones and 
acid esters (B. 42 , 4496) With ethyl nitrate and potassium ethylate 
it gives phenyl-nitro-acetic ester CeH5CH(N02)C00R, which easily 
eliminates the carbox-ethyl group and forms phenyl* nitro-methane. 
With ethyl nitrite and K ethylate, iso-nitro-phenyl- acetic ester is 
formed (B. 42 , 1930). ^-Phenyl-propionic ethyl ester, b.p. 248®. 

2. Aromatic Acid Haloids or Haloid Anhydrides of the 
Aromatic Acids. — ^The methods pursued in the preparation of these 
bodies are similar to those employed for the corresponding fatty 
derivatives. 

Benzoyl chloride CgHj.COCl, melting at — i® and boiling at 198®, 
is isomeric with the chlorinated benzaldehydes Cl.CgH4.CHO. It is a 
liquid with penetrating odour. It is formed from benzoic acid, phos- 
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phonis pentoxide, and hydrochloric acid (B. 2 , 80) ; from benzaldehyde 
and chlorine ; from sodium benzoate and phosphorus oxy-cbloride ; 
and from benzoic acid and phosphorus pentachloride. The action of 
phosgene and aluminium chloride or oxalyl chloride (B. 41 , 3566) upon 
benzene hydrocarbons, and of anhydrous oxalic acid upon benzo- 
trichloride (A. 226 , 20), are only applicable in the preparation of the 
chlorides of benzene-carboxylic acids. 

With antimony chloride, benzoic acid combines to form CeH5COOH. 
SbClg, m.p. 71®, which, on heating, yields benzoyl chloride (B. 85 , 
1117). 

The history of benzoyl chloride, the first-discovered chloride of a 
carboxylic acid, was given in connection with the fatty acid chlorides 
(I. 257). Benzoyl chloride is readily accessible and very reactive ; it 
is therefore one of the most frequently used compounds in various 
reactions. 

0-, m-, and p-Toluyl chlorides boil at 212°, 220®, and 95® (10 mm.) 
respectively. Phenyl-acetyl chloride CeHg.CH^COCl boils at 102® 
(17 mm.) (B. 20 , 1389). 

Benzoyl bromide CeHg.COBr, melting about 0® and boiling at 218®, 
results from the action of phosphorus tribromide upon benzoic acid 
(B. 14 , 2473). Benzoyl iodide, consisting of crystalline flakes, is pro- 
duced when potassium iodide or magnesium iodide acts upon benzoyl 
chloride (B. 3 , 266 ; C. 1909, II. 1132). Benzoyl fluoride, from benzoyl 
chloride and AgF, boils at 145®. 

So far as concerns properties, benzoyl azimide or benzoyl nitride, to 
be treated later in connection with benzoyl-hydrazin, attaches itself to 
the halogen anhydrides of benzoic acid. 

The acid chlorides and haloid anhydrides connect the mixed 
anhydrides of aromatic acids with inorganic acids. 

Benzoyl nitrate CeH^COONOg, a light yellow oil, is formed by the 
transformation of benzoyl chloride with silver nitrate at low tempera- 
tures. On heating, it decomposes into nitric oxides and benzoic 
anhydride. Water decomposes it into benzoic and nitric acids. It 
nitrifies aromatic substances (B. 39 , 3798). 

Benzoyl nitrite CeHgCOONO, an unstable oil, from silver benzoate 
and nitrosyl-chloride (C. 1904, II. 511). 

Benzoic-boric anhydride (CeH5COO)3B, m.p. 145®, by heating 
benzoic acid with aceto-boric anhydride (B. 86, 2224). 

Benzoic-arsenic anhydride (C«H5COO)3As, m.p. 155®, on melting 
benzoic acid with aceto-arsenic anhydride (C. 1906, I. 21). 

3. Acid Anhydrides (I. 259).— Benzoic anhydride (CeH5.C0)20, 
melting at 42® and boiling at 360°, is obtained from benzoyl chloride 
and sodium benzoate or silver benzoate ; from benzoyl chloride and 
benzo-trichloride upon digesting them with anhydrous oxalic acid ; 
from benzoyl chloride by means of lead nitrate (B. 17 , 1282) or sodium 
nitrite (B. 24 , R. 371) ; and by the action of concentrated sulphuric acid 
upon benzo-trichloride (B. 12 , 1495). 

Mixed anhydrides are obtained from benzoic acid treated with 
anhydrides of acid chlorides, pyridin or quinolin (C. 1901, 1 . 347 ; 
B. 42 , 3483). Aceto-benzoio anhydride CaH5.COOCOCH3, m.p. 10®, 
b.p.„ I25®--I40®, decomposes, on heating, into acetic acid and 
benzoic acid. 
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Bensoic-oarbonic anhydride (C*H5COO)|CO, an oil, from benzoic 

acid, COCIjj, and pyridin, yields CO, even at ordinar>' temperatures. 

0- and p-Toluic anhydride, m.p. 37® and 95®. Phenyl-acetlo anhy- 
dride (C,H,CH2C0),0, m.p. 72^ (B. 20 , 1391). 

4. Acid Peroxides. — Benzoyl peroxide (C^HgCOlgO,, melts at 103® 
and deflagrates when heated. It is formed from benzoyl chloride and 
barium peroxide, or from benzoyl chloride, hydrogen peroxide, and 
sodium hydrate (B. 27, 1511 ; 29, 1727; 30, 2003 ; 33, 1043). On 
treating an ether solution of benzoyl peroxide with sodium alcoholate, 
benzoic ester is produced, together with benzoyl-sodium-hydrogen 
peroxide : 

(CeH,C 0 ), 0 , C,H,COOC,H,+CeH,COOONa; 

from the latter, even carbonic acid liberates 

Benzoyl-hydrogen peroxide CeHsCOOOH, m.p. 4i°-43°. It closely 
resembles h\’drogen peroxide. A mixture of benzoyl-hydrogen peroxide 
and benzaldehyde gives first two molecules benzoic acid. Probably 
It is also formed in the first phase during the auto-oxidation of benzalde- 
hyde in air ; a mixture of benzaldehyde and acetic anhydride forms, 
under the influence of atmospheric oxygen, benzoyl-acetyl peroxide 
CflHgCOOOCOCHj, m.p. 38°, by acetylation of the benzoyl-hydrogen 
peroxide first formed (B. 33, 1569 ; C. iqo2, I. 930). 

5. Thio- ACIDS AND BiTHio-AciDs.—Thlo-benzolc acid CgHfiCOSH, 
m.p. 24°, is formed by the interaction of benzoyl chloride and alcoholic 
potassium sulphide ; also, besides triphenyl carbinol, from phenyl- 
magnesium bromide with COS (B. 36, 1010). Thio-p-toluic acid 
CH3CeH4COSH, m.p. 44*^. 

Benzoyl sulphide, ihxo'henzoxc sulphanhydride (CeH5CO)2S, m.p. 48°, 
from two moleculob benzoyl chloride with one molecule sodium sulphide 
(B. 40, 2S62). Benzoyl disulphide (CgH5CO)2S2, m.p. 130°, from thio- 
benzoic acid on oxidation in ether solution by atmospheric oxygen 
(A. 115, 27), or from it*:^ saltb on oxidation by p)otassium ferricyanide 
(B. 40, 2862). riiio-benzamide and thio-anilide, see below. 

Dithio-benzoic acid, phenyl-carho-thin-aLid C^HgCSSH, a heavv 
purple oil, rather unstable, obtained from benzo- trichloride with 
alcoholic potassium sulphide (A. 140, 240) ; from phenyl-magnesium 
bromide and CSj iB. 39, 3219) ; as well as by the action of hydrogen 
persulphide and zinc chloride upon benzaldehyde (C. 1909, II. 1780). 
Methyl ester, b.p. 155° ; ethyl ester, b.p. 167° ; luminous red oils. 
The lead salt consists of purple flakes, melting at 204-5°. The alkali- 
salt solution gives, by oxidation with iodine, thio-benzoyl disulphide 

dark-red needles. Dithlo-phenyl-acetic acid 
CeH5CH2CSSH, a reddish-yellow oil, from benzyl -magnesium chloride 
with CSg. Lead salt, m.p. 149°, yellow needles. 

Phenyl-thio-acetyl disulphide ((Vi5CH2.CS)2S2, m.p. 78° (B. 89, 
3227). 

Phenyl-p-tolyl-keto-sulphone C^U^CO.SO^C^U^CHji, from benzoyl 
chloride and sodium-toluol sulphinate, forms a hydrate of m.p. 80° 

(C. 1899, IT 719)- 

6. Acid Amides. — The methods of formation and the behaviour of 
the acid amides have been sufficiently considered in connection with 
the fatty acid amides. Attention was also called to the fact that the 
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amides of the carboxylic acids could have two constitution formulae. 
Thus, benzamide has two formulae : 

I. C,H.C and II. C.H.cf 

The imido-ethers are derived from the second formula (see Silver 
benzamide). To the methods mentioned under the amides of the 
fatty acids must be added, in connection with the amides of the 
benzol-carboxylic acids, their formation through the action of alumi- 
nium chloride upon aromatic hydrocarbons and urea chlorides. 

Benzamide QHj.CO.NH*, melting at 130° and boiling at 288°, 
results (i) when benzoyl chloride is acted upon by gaseous or aqueous 
ammonia, or by ammonium carbonate (see Tribenzamide) ; (2) from 
benzoic ester and ammonia ; (3) by heating benzoic acid and ammo- 
nium thio-cyanate to 170® (A. 244 , 50) ; (4) by saponification of benzo- 
nitrile with an appropriate amount of alcoholic potash (C. 1900, 1 . 257) ; 
(5) from urea chloride, benzene, and AICI3 (A. 244 , 50). It crystallises 
in pearly flakes, melts at 130®, and boils near 288®. It is readily soluble 
in hot water, alcohol, and ether. 

Sodium benzamide C^HgCONHNa or CeH5C(: NH)ONa results from 
the action of metallic sodium upon benzamide dissolved in benzene 
(B. 23 , 3038). On heating with acid esters it forms mixed diacyl- 
imides (B. 23 , 3038 ; C. 1900, II, 190 ; 1903, I. 157). 

Silver benzamide CeH5.CO.NHAg or CeH5.C(: NH).O.Ag, obtained 
by precipitating the aqueous solution of benzamide and silver nitrate 
with a calculated amount of sodium hydroxide, is a white crystalline 
powder. When digested with ethyl iodide it yields benzimido-ethyl 
ether (B. 23 , 1550). 

Dibenzamide (CeH5CO)2NH, melting at 148®, is obtained from benzo- 
nitrile with fuming sulphuric acid, or from benzoyl chloride and benzo- 
nitrile with aluminium chloride. When distilled under a pressure of 
15 mm. dibenzamide breaks down into benzo-nitrile and benzoic acid 
(B. 21, 2389). Sodium dibenzamide (C5H5CO)2NNa is a shining white 
powder. It is formed when sodium acts upon dibenzamide dissolved 
in xylol. 

Tribenzamide (C5H5CO)3N, melting at 202®, results in the action of 
benzoyl chloride in ethereal solution upon sodium dibenzamide, and 
together with benzamide and dibenzamide when benzoyl chloride acts 
upon ammonium carbonate (B. 25 , 3120). 

Benzoyl-chlorimide CeHjCONHCl melts at 1 13®. Benzoyl-bromimide 
CjHj.CONHBr melts with decomposition at 170®. Dibenzamide 
chloride (CeH5C02)2NCl, m.p. 89® (C. 1902, II. 359). Methyl- and 
dimethyl-benzamide C 5 H 5 CON(CH 3)2 melt at 78® and 41®. 

N-methylol-benzamide C5H5CO.NH.CH2OH, m.p. 106®, from benz- 
amide and formaldehyde, under the influence of alkaline condensing 
agents. On heating alone, or in aqueous solution, it easily dissolves 
into its components. Chromic acid oxidises it to formyl-benzamide 
C5H5CONHCHO, m.p. 120®. With phenyl-hydrazin the latter gives 
2, 5-diphenyl-triazol (y.v) (A. 843, 223). Benzoyl-benzylamine C5H5CO. 
NH.CHjCeHj, m.p. 105® (B. 26 , 2273). 

We get benzanilide CjHj.CO.NH.CgHj, phenyl-benzamide, on mixing 
aniline and benzoyl chloride. It can also be made by the action of 
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aluminium chloride upon benzene and carbanile» and upon heating 
benzo-phenoxime : N.OH with concentrated sulphuric add, 

acetyJ chloride, or glaciiil acetic add containing hydrochloric acid, to 
100®, or with glacial acetic add alone to 180® (B. 20 , 2581). Sodium 
benzanllide, see C. 1900, II. 190. 

When benzanilide is boiled with sulphur it becomes hcnzmyUamido- 
ihio-phcnol or /n-phenyl-benzo-thiazole, 0-, m-, and p'Boizoyl^tolmdes 
CeHfiCONH.CeH^CH, melt at 131®, 125®, and 158®. 

Diphenyl-benzamide C^H5CO.N(C0H5)2, m.p. 177®, results from 
diphenyl-amine and benzoyl chloride, as well as from diphenyl-urea 
chloride : (i) by condensation with benzene and aluminium chloride 
(B. 20 , 2119) ; (2) by heating with benzoic acid in pyridin solution 
(B. 41 , 636). 

Methylene-dibenzamide, hipparaffin CH2(NH.CO.CgH5)2, m.p. 221®, 
is obtained in the oxidation of hippuric acid with PbOg and dilute 
sulphuric or dilute nitric acid, and results from formaldehyde, benzo- 
nitrile, and hydrochloric acid (B. 25 , 31 1) ; or from boiling benzamide 
with formaldehyde and dilute sulphuric acid (A. 343 , 226). 

Ethylidene-dibenzamide CH3.CH(NHCOCeH5)2, m.p. 204° (B. 7 , 
159 )- 

Ethylene -dibenzamide CeH5CO.NH.CH2.CH2.NH.CO.CeH5. m.p. 
249®, when heated alone, or wuth hydrochloric acid, yields ethylene- 
benzcnyl-amidine, benzoic acid splitting off at the same time (B. 
21 , 2334). 

BenzoyMso-eyanate, carhonyUhenzamide CeHgCON : CO, m.p. 26®, 
b.p.io 88°, from silver cyanate and benzoyl chloride, yields dibenzoyl- 
urea in water, and benzoyl-urethane CeH5C0NH.C02C2H5, m.p. in®, 
in alcohol (B. 36 , 3218). 

Hippuric acid, benzoyl-glycocoll m.p. 187°, de- 

composes at 240° into benzoic acid, benzo-nitrile, and prussic acid. It 
occurs in considerable amount in the unne of herbivorous animals, in 
that of the cow and horse {innos, horse, and ovpov, urine), and in 
minute quantities in that of man. Benzoic acid, cinnamic acid, toluol, 
and other aromatic substances, when taken internally, are eliminated 
as hippuric acid. It can be obtained artificially (i) by heating benz- 
amide with monocliloracetic acid ; (2) by the action of benzoyl chloride 
or silver glycine (B. 15 , 2740) ; or (3) by adding sodium hydroxide 
to glycocoU, and shaking with benzoyl chloride (B. 19 , R. 307) ; and 
(4) by heating benzoic anhydride with glycocoU (B. 17 , 1662). 

History. — Liebig, in 1829, recognised that hippuric acid was a dif- 
ferent body from benzoic acid, and, to indicate its origin, named it hip- 
puric acid. In 1839 he established its constitution. Dessaignes (1846) 
showed that, upon boiling with strong alkalies or acids, it was resolved 
into glycocoU and benzoic acid (/. pr. Ch. i, 37 , 244). In 1848 
Strecker converted the acid by means of nitrous acid into benzoyl- 
glycoUic acid (A. 68, 54), and in 1853 Dessaignes s)mthesised hippuric 
acid from benzoyl chloride and zinc glycine (A. 87 , 325). 

Hippuric acid crystaUises in rhombic prisms, and dissolves in 600 
parts cold, and readily in hold water, and alcohol. Boiling acids, or 
alkaUes, decompose hippuric acid into benzoic acid and glycocoU. 

Compare hi^arajffin (above), benzoyl-glycollic acid, for other trans- 



BENZOYL COMPOUNDS 


283 

formations of hippuric acid. Hippuric acid condenses with benzalde- 
hyde, sodium acetate, and acetic anhydride to benzoyl-amido-cinnamic 
anhydride C,H,CH : (A. 837 , 265). 

Silver salt CjHsAgNOj. The ethyl ester melts at 60® (/. pr. Ch. 2, 
15, 247). It is converted by PClj into hlpporo-flavln CisHi„04N,. 
consisting of citron-yellow crystals (B. 21,3321 ; 26, 2324; A. 812, 8r). 
Benzaldehyde and sodium acetate change it to benzoyl-amido-einnamie 
ester (A. 275, 12). The phenyl ester melts at 104®. When 1x)iled with 
POCla it passes into anhydro-hippuric phenyl ester, melting at 42® 
(B. 26, 2641). 

With formic acid ester and sodium ethylate, hippuric ethyl ester 
condenses to formyl-hippuric ester C6HsC0.NH.CH(CH0)C02C2H5, 
whicli is reduced by sodium amalgam to benzoyl-serinic ester CjHjCO. 
NH.CH(CH20H)C02 CjH 5, m.p. 80°. The latter is split up by H2SO4 
into benzoic acid and i-serin ; with PjSj it passes into benzoyl-cystein 
ester C5H5C0NH.CH(CS2SH)C02C2Hs, m.p. 185®, from which, by 
saponification w'ith concentrated HCl, we obtain i-cystein, or its oxida- 
tion product, i-cystin (cp. Vol. I., and A. 337, 236). 

Hippuric acid nitrile CgHgCONHCHaCN, m.p. 144°, from amido- 
aceto-nitrile, benzoyl chloride, and NaHO (B. 36 , 1646). Hippuryl- 
hydrazin CjHjCO.NHCHjCO.NH.NHj, m.p. 162®, from hippuric ethyl 
ester and hydrazin ; cp. hippuryl-phenyl-buzylene and hippurazide 
(B. 29 , R. 181). 

Benzoyl-alaninC8H5CONH.CH(CH3)COOH, m.p. 166°, and benzoyl- 
a-amido-iso-butyric acid CsH5CONHC(CHj)2COOH, m.p. 198®, on 
heating with acetic anhydride, readily pass into anhydrides resembling 

Q C=N— 

lactone ; benzoyl-alanin anhydride * ‘^(.q>ch(CHs), m.p. 39®, and 

benzoyl-a-amido-iso-butyric anhydride * *6— co/ ™ 34'' 

the similarly constituted acyl-anthranilic acids). Ammonia, aniline, 
and HCl burst the lactone ring, with formation of the amides, anilides, 
and chlorides of the corresponding benzoyl-amido-acids. With a- 
amido-acids they similarly combine to form benzoylated dipeptides, 
e,g. benzoyl-alanyl-glycocoU CeH5CONH.CH(CH3)CONHCH2COOH, 
Benzoyl-alanyl-alanin CeH5CONH.CH(CHo)CONH.CH(CH3)COOH. 
etc. (J.pr. Ch. 2,81,49, 473) 

Benzoyl-asparaginic acid, see B. 43 , 66i. 

7. Acid Hydrazides. — Benzoyl-hydrazin CeHjCONHNHj, m.p. 
112°, from benzoic ester and hydrazin hydrate, or by heating hydrazin 
benzoate (B. 35, 3240) ; in alkaline solution benzoyl-hydrazin suffers 
an auto-reduction, leading to benzal-benzoyl-hydrazin CgHgCOKHN : 
CHC3H5, and subsequently benzalazin (B. 33, 2561). With excess of 
benzoic ester hydrazin forms dibenzoyl-hydrazin (CgH5CO.NH)2, m.p. 
238®, also generated by the action of benzoyl chloride upon alkaline 
hydrazin solutions (C. 1899, 1- 1240). On boiling with alcoholic potash, 
it yields a potassium salt (CgH5CO)2N2HK ; the corresponding silver 
salt with iodine gives azo-dlbenzoyl (CeH5CO)2N2, m.p. 118° (B. 38, 
1769). TrI- and tetrabenzoyl-hydrazin, m.p. 206® and 238®, are ob- 
tained by further benzoylation of dibenzoyl-hydrazin (C. 1904, II. 97). 

Sym. benzoyl-phenyl-hydrazin, m.p. 168® (B. 19, 1203), on oxidation 
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with mercuric oxide or nitrous acid is converted into benzoyl-azo- 
benzol C«H*CON,CeHg, red prisms, melting at 8o® (C. 1909, II. 84) ; the 
latter gives with HCl an addition product which changes into o-chloro- 
phenyl-benzoyl-hydrazin (B. 30 . 319) : 

C,H,CONH.NClCaH, — > C,H,CONHNH[i]C,H,[ 2 ]Cl 

Unsym. benzoyl-phenyl-hydrazin, m.p. 70® (B. 26 , 945, R. 816). 

Dibenzoyl-phenyl-hydrazin CeH,. CO.N(CeHB).NHCOCaH5, m.p. 177®. 

Benzal-benzoyl-hydrazin QHgCO.NHN^CHC^H^, m.p. 203®, from 
benzoyl-hydrazin and benzaldehyde, or from benzalazin with benzoyl 
chloride (C. 1900, 1 . 334). The corresponding silver salt CaH^CONAgN : 

CHC,H* passes with iodine into diphenyUfuro-diazol CeH5C^^*^^CCgHo, 
and with benzoyl chloride into diphenyl-benzoyl-dihydro-furo-diazol 

393 )' 

Phenyl-acetic hydrazidc, m.p. 116®. 

Hydro-cinnamic hydrazidc, m.p. 103®. 

8. Acidyl - AZIDES.— Benzoyl - azide, benzoyl nitride, azimide, 
/N 

CfH^CONc I , m.p. 20® is formed when sodium nitrite, and acetic 

acid, act upon benzoyl-hydrazin (B. 23 , 3023). Its odour is intensely 
like that of benzoyl chloride ; it volatilises in part with aqueous vapour 
without decomposition, and explodes with slight detonation upon the 
application of heat. It is insoluble in water, very soluble in ether, and 
rather readily soluble in alcohol. It gives a neutral reaction. It 
breaks down, on boiling with alkalies, into benzoic acid and potassium 
azo-imide (B. 23 , 3029). On heating in benzene solution it is clearly 
divided up into Nt a^d phenyl iso-cyanate : 

C6HeCON< I! ► i.UH 6CON<] ► CcH^N : C : O 

(B. 42 , 2339). 

Heating with alcohol and water leads to the evolution of N,, and 
the formation of the transformation products of phenyl iso-cyanate : 
phenyl-urethane QH,NH.CO.OCaH„ and carbanilide CO(NHCeH5)9. 
Boiling with acid hy^azides yields acidylated semi-carbazides (B. 29 , 
R. 981) 

CeH,CON,-KiH,CONHNH, = N,+CeH,NHC 0 NHNHC 0 C 35 
With bromine is obtained a bromine-addition product of phenyl isocya- 
nate. Substituted benzoylazides such as the o-, m- and p-nitro compounds, 
m.p. 36®, 68®, 69® and the p-bromo compound m.p. 46° behave similarly 
(J, pr. Ch. 2, 68, 190). Phenyl-acetic azide CjHoCHaCON, and hydro- 
cinnamic azide CeH^CHaCHaCON, with alcohol yield the urethanes of 
benzyl-amine and phenyl-ethyl-amine (J. pr. Ch. 2, 64 , 297). The azides 
can also be obtained by the action of salts of diazo-benzol upon the acid 
hydrazides. 

Hippurazide CaHgCO.NH.CHa.CO.N,. m.p. 98®, results when sodium 
nitrite and acetic acid act upon hippuryl-hydrazin. It is decomposed 
by mineral acids, alkalies, ammonia, and amines, with the elimination 
of hydf azoic acid. When boiled with alcohols, and with water, N3 is 
evolved, and there result hlppenyl-urethane CeHaCONHCHjNHCOOR 
and dlhlppenyl-urea (CeHjCONHCHaNH)aCO (B. 29 , R. 183). 
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The action of hippurazide upon glycocoll, glycyl-glycin, alanin, etc. 
(Vol. I.), gives the benzoyl derivatives of di- and poly-peptides, like 
C,H5CONHCH*CONHCHjjCOOH. C,HsCONHCH,CONHCHjCO.NH 
CHjCOOH, CeHgCONHCHjCONHCHjCONHCHjCONHCHjCOOH 
(J. pr. Ch. 2. 70 , 57). 

9. Nitriles of the Aromatic Monocarboxylic Acids. — The 
aromatic nitriles are connected by numerous reactions with the prin- 
cipal classes of the aromatic derivatives. They are produced, like the 
nitriles of the fatty acids, (i) from the corresponding ammonium salts ; 
(2) from the corresponding acid amides, by the withdrawal of water 
with PjOfi, PCI5, and SOClj (B. 26 , R. 401) ; (3) by action of bromine, 
and caustic alkali, upon the primary phenyl-alkyl-amines ; (4) from the 
aldoximes by the action of acetyl chloride or acetic anhydride. There 
is also (5) the method of distilling aromatic monocarboxylic acids, with 
potassium sulpho-cyanide, or, better, with lead sulpho-cyanide (B. 
17 , 1766) : 

2CeH6C02H+ (CNS)2Pb = 2CeH5CN + 2C02+PbS+H2S. 


Nuclear -synthetic Methods, — (6) The direct replacement of the 
halogens in the benzol hydrocarbons by the cyanogen group is of 
exceptional occurrence — e.g. when chloro- and bromo- benzol are 
conducted over strongly ignited potassium ferrocyanide, or when 
benzol iodide is heated to 300° with silver cyanide, the product being 
cyano-benzol. 

However, the phenyl-carbinol chlorides — e.g, CeHjCHjCl — are as 
readily transposed, as the alkylogens, into nitriles of the phenyl-fatty 
acids by means of potassium cyanide. 

The nitriles are also intimately related to the anilines, sulphonic 
acids, and phenols. Thus, aniline yields (7) phenyl-carbylamine, 
which, upon the application of heat, is rearranged into the isomeric 
nitrile. They are also produced (8) on heating the diphenyl-thio-ureas 
with zinc dust ; (9) by desulphurising the phenyl-mustard oils with 
copper ; (10) by distilling the formanilides with concentrated hydro- 
chloric acid or with zinc dust (B. 17 , 73) ; (ii) by decomposing diazo- 
benzene chloride with potassium cyanide and copper sulphate. 


( 7 ) 

(8) 

C,H,NHa (9) 

(10) 

(11) 


C,H,NC 

C,H,N : CS =5 — 

C,H,NH.CHO — 


C,H,N • NCI 


KCN 

-N, 


C,H..C=N. 


(12) By distilling the alkali-benzene sulphonates with potassium cya- 
nide or yellow prussiate of potash ; (13) the distillation of the triphenyl 
phosphates with potassium cyanide or ferrocysmide ; (14) alkyl benzyl- 
cyanides are formed by the interaction of sodium-benzyl cyanide and 
alkylogens, CeHft.CHNa.CN+CjHJ = QH5CH(C,H,)CN ; (15) the 
hydrogen atoms of the benzols are directly replaced by the cyanogen 
group, (a) if cyanogen gas be conducted into the boiling hydrocarton 
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Properties arui Bekn ioMr.—Uxe bcnzo-nitrilcs are indifferent, agree- 
ab\y smelling liquids, or bolids mih low melting-points. Their reaaions 
are very numerous, but it may Ik* inentiontd tliat toiling alkalies or 
acids convert them into the corresponding ar(»matic acids, w'hiJe nascent 
hj’drogen, best from alcohol and sodium, changes them to primary 
amines. They jield amide iodides with hydriodic acid. 

They combine with alcohol> and HCl to form imido-ethers, with 
anilines to amtdines, and viith hydroxvlamine to amidoximes. 

Benzo-nitrile, cyam-benzol C^H^CS, boiling at 191®, with sp. gr. 
r*023 (o*^), is isomeric \nth phcnyl-carbylamine, and is best obtained 
from benzene-sulphonic acid by method 12, or from benzoic acid by 
method 5. It is an oil with an odour resembling that of oil of bitter 
almonds. 

Wlien it is dissolved in fuming sulphuric acid, or boiled with sodium, 
or acted upon by other condensing agents, benzo-nitrile polymerises 
to cyano-phenin C,N3(C8H5)3. Upon nitration the product is almost 
exclusively m-nitro-benzo-nitrile. For other transpositions, see 
Benzo-imido-ethers and Thio-benzamidc. 

Alphyl-cyanides : 0-, m-, and p-Tolu-nitriles, cyano-toluols CH3. 
C3H4CN boil at 203®, 213®, and 218®. The p-body melts at 29®. 
p-Xylo-nitrile boils at 231° (B. 18, 1712). 1, 8-Xylo-4-nitrile melts at 

24® and boils at 222® (B. 21, 3082). Cumo-nitrile (CH3)2.CH[4]CeH4 
[i]CN boils at 244®. 

Nitriles of Phenyl-fatty Acids.—Benzyl cyanide, phenyl-aceto-nitrile 
CgHg.CHaCN, b.p. 232°, with specific gravity 1-014 is isomeric 

with the three tolu-nitriles. It occurs in the ethereal oil of several 
cresses (TropcBolum majus and Lepidium sativum) (B. 7, 1293 ; 32, 2335). 

It is artificially prepared from benzvl chlonde with potassium cyanide. 

It yields toluic acid by saponification ; by reduction /3-phenyl-ethyl- 
amine is the product, and upon nitration it is chiefly p-nitro-benzyl 
cyanide which results. 

i\^y in aceto-acetic ester and malonic ester, the hydrogen of the CHg 
group, combined with the negative groups C4H5 and CN, is very readily 
replaced. Thus, sodium ethylate produces the monosodium deriva- 
tive, which may be transposed by alkylogens to alkyl-benzyl cyanides 
(see method 14) (B. 21, 1291, R. 197 ; 22, 1238 ; 23, 2070). Nitrous 
acid, acting upon a sodium ethylate solution of benzyl cyanide, pro- 
duces iso-nitroso-benzyl cyanide (see Phenyl-glyoxalic acid). Sodium 
ethylate, acting upon benzyl cyanide and benzaldehyde, produces 
a-phenyl-cinnamic nitrile C3H5.C(CN) : CH.CeH^ (B. 22, R. 199). It 
adds itself to a, /3-unsaturated esters and ketones like Na-m^onic 
ester. 

Methyl-benzyl cyanides, tolyUaceto-nitriles CHa.CeH4.CH2.CN. The 
o-body boils at 244®, the m-body at 241°, while the p-compound 
melts at 18® and boils at 243® (B. 18, 1281 ; 21, 1331). 

/S-Phanyl-propio-nitrile, hydro-ctnnamic nitrile C^HaCH aCH |CN , 
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b.p. 261® (corr.) occurs in the ethereal oil of spring-cress, Nasturtium 
officinale (B. 7 , 520 ; 26 , 1971). 

a-Phenyl-proplo-nltille, hydratropic nitrile CeH5CH(CH3)CN, b.p. 
231® (A. 250 , 123, 137). 

In addition to the benzo-nitriles, the classes of bodies 10 to 31 
arrange themselves with the benzenyl compounds. 

10. Amido- haloids, ii. Imido- chlorides. 12. Phenyl • hydrazide 
Imido^chlorides. 

Benzamlde chloride CjHgCCljNHj (?) results when hydrochloric 
acid gas is conducted into an ether solution of benzo-nitrile (B. 10 , 
1891) ; it is probably the first product resulting from the action of PCI5 
upon benzamide, which, however, is partly split into benzo-nitrile and 
IICl, while another part unites with the POCI3 formed to form phos- 
plmretted compounds like C3H5CCI2NHPOCI2 and CgHjCCl : NPOCI2 
(C. 1909, II. 814). 

Benzamide bromide CeH3CBr2NH2, m.p. 70® (A. 149 , 307). Benz- 
amide iodide CgHgCIgNHg melts with decomposition (B. 25 , 2536) at 
140®. It is produced when benzo-nitrile is poured into concentrated 
aqueous h) driodic acid. 

Dimetliyl-benzamide chloride C^Hj.CClj.N (€113)2, m.p. 36®. from 
the amide with phosgene or PCI5. On heating, the dialkylated benz- 
amide chlorides split off one or two molecules of chloralkyl and decom- 
pose into alkyl-benzimide chlorides and benzo-nitrile, the latter being 
partly polymerised to cyaphenin (B. 37 , 2812) : 

C,HjCC 1 ,N(CH 3 )j C.HjCCl : NCH, C,H,CN. 

On the utilisation of this reaction for the breaking up of cyclic 
secondary bases, see Piperidin. 

Benzanilide chloro-iodide C3H5CCII.NNC3H3, m.p. 106® with 
decomposition, from benzanilide-imido-chloride and HI (C. 1905, 1 . 442). 

Methyl-benzimido-chloride C0H3CCI : NCH3, from methyl-benzamide 
with PCI5. 

Benzanilide-imido-chloride CqHsCCI : N.QHs, m.p. 40® and b.p. 310®, 
is produced when PCI5 acts upon benzanilide (Wallach, A. 184 , 79), or 
upon benzo-phenone oxime (C0H3)2C=NC1. Water or alcohol will 
decompose it into hydrochloric acid and benzanilide. For other 
transpositions of benzanilide-imido-chloride, compare thio- benz- 
anilide, etc. 

When benzanilide-imido-chloride acts upon sodium aceto-acetic 
ester, the products are anil-benzyl compounds, j 3 -ketonic acid deriva- 
tives, which change to phenyl-quinolin-carboxylic acids upon the 
application of heat. 

Benzo-phenyl-hydrazide-imldo-chloride CeH^CCl : N.NH.C0H3, m.p. 
131®, is formed when alcohol acts upon the reaction product of PCI5 
and sym. benzoyl-phenyl-hydrazin C^Hj.CCl :N.N(C0H5)POCl2 (B. 27 , 
2122). 

Dibenzo-hydrazide chloride C^HjCCl : N.N : ClCC^Hj, m.p. 123®, 
from sym. dibenzoyl-hydrazin and PClj. It can easily be transformed 
into heterocyclic compounds : — (i) On boiling with water it yields 
diphenyl-furo-diazol ; (2) with PtS*, diphenyl-thio-diazol ; (3) with 

ammonia or primary amines, diphenyl-pyrro-diazols ; (4) with hydroxyl- 
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amine, N-oxy-dipJienyl-p\Tro-<iia«>l : ( 5 ) with bydnuin, dinhenvl 

dihydro-tetrazin (/. pr. Ch. i, 78, 277 ) : ^ 




NH.OH NN 

►(.H,(\n(oh) 


Diphenyl- furo- 
fbb|)-dia*ol 

Diphenyl-thio- 

fbbjJ-diazol 

c- Piphen vl-p>Tro- 
fbbj'-diazol 

N-Oxy-c-(IiphenyI- 

pyrro-[bb,]-diazoI 

N, i/-Dihydro- 
C"diphenyl-tctrazin. 


13. Imidoethers of the Aromatic Acids (V^ol. I .) — The z mido^ethers 
(their HCl salts) result from the action of HCl upon a mixture of a 
nitrile with an alcohol (Pinner, B. 16 , 1654 ; 21 , 2650 ; 23 , 2Q17). 
Their meth^^l sulphates are obtained by addition of dimethyl sulphate 
to primary and secondary acid amides. 

Water decomposes the HCl imido-ethcrs into acid esters and 
ammonium chloride. Benzalkyl-imido-chlorides, with sodium aJcohol- 
ates, change into benzalkyl-imido-ethers. The latter are transposed 
into tertiary benzamides by the action of alkyl iodides or by heat 
(C. 1903, I. 833, 876) : 

^ C.H,C 0 N(CH 3 ),. 


Sodium amalgam in acid solution reduces benzimido-ether to benz- 
aldehyde (B. 35 , 3039). With ammonia the benzimido-ethers yield 
benzamidin (q.v.) ; with h\’droxylamine, benzamidoxime ; with 
hydrazm, benzenyl-hydrazidin (q.v,). The following bodies should be 
viewed as imido-ethers of aromatic carboxylic acids : 


C.HjC 

/i-Phenyl-oxazoIin. 


C.H. C. 

/i-Phenyl pentoxazolin. 


C,H,C 


/0[i] 

.N[2] 


}C,H, 


^-Phenyl- benzoxazol. 


Benximido*methyl ether CeH5C(NH)OCH3, b.p.jg 96®, and benzimido- 
ethyl ether C3H5C(NH)OC2H6, b.p.j^ 102®, are oils precipitated from 
their chlorohydrates by soda solution. The ethyl ether is also 
obtained from silver benzamide with ethyl iodide. Similarly, silver 
dibenzamide gives, with ethyl iodide, benzol*benzimido->ethyl ether 
C3H3C(NC0C3H5)0C2H3, m.p. 65® (C. 1898, I. 569). n-Methyl-benz- 
imido-methyl ether CeH5C(NCH3)OCH3, b.p.i* 94®. 

14. Thiamides of the Aromatic Acids. — Thlo-benzamide C3H5.CS 
NHj or C3H5C(SH)NH, melting at 116°, results on conducting hydrogen 
sulphide into an alcoholic solution of benzo-nitrile mixed with ammonia 
(B. 23 , 158), and when benzyl-amine is heated to 280® with sulphur 
(A. 259 , 304). Zinc and hydrochloric acid convert it into benzyl- 

.N—S. 

amine, iodine into dibenzenyl-azo-sulphime (q.v.) ^C.CgH, 

(B. 25 , 1588), ethylene bromide into |i-phenyl-thiazolin (see 
below), trimethylene bromide into /i-phenyl-penthiazolin (see Imido- 
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ethers), and ethylene-diamine into benzcnyl-ethylene-diamine {q,v.) 

/NH— CH2 

(B. 25,2134). Methyl-thio-benzamideCcHgCSNHCH,, 

m.p. 79®, from phcnyl-magnesium Dromide and methyl-mustard oil 
(B. 87 , 877). 

Thio-benzanilide CSNH CbH*, melting at 98®, consists of 
yellow plates or prisms. It is formed (i) when HjS acts upon benzenyl- 
phenyl-amidine at 100° ; (2) by the action of CSj at no®, hydro- 
sulpho-cyanic acid being simultaneously produced (A. 192 , 29) ; (3) 
when HaS acts upon benzanilide chloride ; (4) when PqS, acts upon 
benzamide ; (5) from the interaction of phenyl-mustard oil, benzene, 
and aluminium chloride (B. 25 , 3525) (J. pr. Ch. 2, 59 , 572) ; (6) from 
phenyl-mustard oil and phenyl-magnesium bromide (B. 36 , 587). It 
is changed to benzenyl-amido-thio-phenol by heat or oxidation. 

Selenium benzamide CgHsCSeNHa, m.p. 102®, golden needles, from 
benzo-nitrilc and SeHg. Iodine oxidises it to dibenzenyl-azo-selenime 

rr ^550). 

N C.C«Hg 

15. Imido-thio-ethers of the Aromatic Carboxylic Acids are 
obtained as chlorohydrates from nitriles, mercaptans, and hy drochloric 
acid (compare Imido-ethers). The following compounds must be con- 
sidered as cyclic imido-thio-ethers of benzoic acid : 


S— CH, 

C,H,C^ I 

N—CH, 

/i-Phenyl‘thiazolin 


S - CH, 

C^H^C CH, CeH,C^ IC.H, 

N-(H, N[2]) 

/4-Phenyl-penthiazoHn ^-Phenyl -benzo-thiazol. 


Benzimido-thio-ethyl ether CeH5C(NH)S.C2H5 is an oil. It readily 
resolves itself into benzo-nitrile and mercaptan (A. 197 , 348). 

By heating sodium xanthogenates with benzalkyl-imido-chlorides in 
benzene solution the strongly red-coloured imido-xanthides are obtained : 
Benzo-phenyl-amido-ethyl xanthide CeH5C(NCeH5)SCSOC2H5, m.p. 98®, 
g.»rnct-red prisms (B. 35 , 2470). Benzinoddo-thio-phenyl ether 
CiNH)SCeH5, m.p. 48° (B. 36 , 3465). 

16. Amidines of aromatic monocarboxylic acids are obtained from 
nitriles, imido-ethers, imido-chlorides and thio-amides by means of 
ammonia and ammonium bases. The cyclic amidins correspond to 
the cyclic imido-ethers and imido-tlro-cthers : 


/NH— CH, NH— CH,. NH-ri]^ 

C,H,.C I C,H,C NcH, C,H,.C' ^ C,H, 

N CH, N CH, N-[2] I 

/i-Phenyl glyoxalidin m-Phenyl-tetrahydro-pynmidin ^-Phenyl-benzimide-azol 
Ethylene-benzamidin Trimethylene-benzamidin 

XH 

Benzamidine,* benzenyl-amidine C,H, melting at 75°-8o®, 

is formed from its hydrochloride C7HRN2.HCl-r zHgO, consisting of 
vitreous crystals, melting at 72®, which, being anhydrous, become 
liquid at 169® (A. 265 , 130). 

Silver salt C2H5.C(=NAg)NH2. Benzamidine is a stronger base 
than ammonia. Hydroxylamine converts it, by an exchange of the 
NH group for the N(OH) group, into an amidoxime. Benzamidine 

• Die Imtdodiher und ihre Derivate, Pinner, 1892, p. 152. 
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gives with diazo-benzol : henxamidine-diaxo-henzol (see below) ; with 
benzaldehyde : henzaJ-henzamidine, melting at 175® ; with phenyl-iso- 
cyanide : benzenyl-diphenyl-diureldeQ^^Q{\ N.CONHCeHjj.NHCO.NH. 
CeHg, melting at 172® ; with phenyl-mustard oil : henxamidin-phenyl- 
thicHurea C^U^,C(: NH).NH.CS.NH.CeH5, melting at 125®; with chloro- 
carbonic ether : benzamidine^ urethane C,H5.C(: NH).NHC02C2H5, 
melting at 58® ; heat converts it into diphenyl-oxy-cyanidin ; with 
phosgene : dibenzamidin-urea CO(NH.C(: NH.)C2H5)2, melting at 289°, 
and diphenyl-oxy-cyanidin. 

The action of nitrous acid upon benzamidin is very remarkable. 
The product is benzenyl-dioxy-tetraxotic acid (see below). 

Benzamidin Hetero-ring Formations. — Benzamidin heated alone 
becomes cyano-phenin ; heated with acetic anhydride the product is 
diphenyUmethyl-cyanidin ; wth trimethylene bromide : irimeihylene- 
benzamidin, or yi-phenyl-ietrahydro-pyrimidin ; with acetyl acetone : 
phenyl-dimethyl-pyrimidin ; with aceto-acetic ester : phenyl-meihyl- 
oxy-pyrimidin : 


Heat 


(CH, C0),0 


^ ^ NH, i nrCH.CH,.CH ,Br 


(CH,CO),CH, 


I CH,CO,C,H, 
I COCH, 



Cyano-phenin 

»-c 

Diphenyl-methyl- 
cyanidin (B. 
25 , 1624) 


Phenyl-tetra- 
hydro-pynmidin 
(B. 26 , 2122) 

c,H,.c" cn 

Phenyl-dimethyl- 

pyrimidin 

N=C ^ 

f .H. C , CH 

OH 

Phenyl-methyl- 

oxy-pyrimidin. 


Many other amidins besides benzamidin are known ; also numerous 
alkyl, phenyl, and benzyl substitution products of the simple 
amidins. As may be gathered from the description of benzamidin, 
the amidins are unusually reactive bodies, whose investigation has 
contributed much to the chemistry of the nitrogen-carbon ring 
systems. 

Phenyl-benzamidin CeH5C(NH)NHCeH5, m.p. 114®, by the action 
of sodium upon a mixture of benzo-nitrile and aniline (/. pr. Ch. 2, 
67 , 445). On the acidulation of phenyl-benzamidin and the accom- 
panying transpositions, see C. 1903, II. 830. 

biphenyl-benzamidin CeH5C(NCeH^)NHCeH5, m.p. 144®, is a 
chromogen, yielding yellow dyes by the introduction of amido-groups 
(C. 1898, II. 1049). Trialkyl-benzamidin, see B. 87, 2678. 

17. Dioxy-tetrazotic Acids. — Free benzenyl-dioxy-tetr azotic acid 

(?) is not known. Its benzamidin salt, melting 

at 178®, is prwiuced when nitrous acid acts upon benzamidin. Sodium 
a ma lg am reduces the potassium salt to benzenylroxy-tetr azotic acid 
melting in anhydrous form at 175® with explosion. 
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and benzenyl-tetrazoiic acid (Lessen, A. 263 , 73 ; 266 , 129). ♦ These 
bodies belong to the class of heterocyclic tetrazols or pyrro-triazols. 

18. Hydrazidins or Amidrazones of aromatic monocarboxylic 
acids. — Several representatives of the aliphatic phenyl-hydrazidins were 
discussed in connection with phenyl-hydrazin. The simple aromatic 
hydrazidins result from the action of hydrazin upon the imido-ethers. 
The most thoroughly investigated is : 

Benzenyl-hydrazidin 

pound cannot be obtained from its salts in a pure condition. Its 
benzoyl derivative NH)NH.NH.CO.C<jH5 melts at 188°. It 

slowly parts with water, even at 120°, changing into c-diphenyl-triazol, 
whereas nitrous acid converts it into dibenzenyl-isaoxime or diphenyl- 
furo-(bbi)-diazol. 

In addition to benzenyl-hydrazidin, produced in the interaction of 
hydrazin and benzimido-ether, there also result : 

Dihenzenyl-hydraztdin CeH5.C(: NH).NH.NH(NH ^C.G^Hg or CgHj 
C(NH2) : N — N : (NH2)C : CeHg, melting at 202°, and diphenyl-dihydro- 
tetrazin (q.v,). Nitrous acid changes benzenyl-hydrazidin into phenyl- 
tetr azotic acid [q.v.) : 


r ^ NH,NH, 

• “ \NH 


* ‘ '\NH 
C.H. 

' N N/ 

,NHNH-\ 
C.H,C 


Benzenyl- 

hydrazidin 

Dibenzenyl- 

hydrazidin 

Diphenyl-dihydro- 

tetrazm 


n xj /-/"N.NH, NOOH 'N — NH c-Phenyl-tetrazotic 

CH O- N— NH (" *■ ^ C .C.H, c-Diphenyl-tnazol 

\NH,C0C,H, ( nooi i^ c/'N — N Dibenzenyl-isazoxime 

• * \Q C.CgHg Diphcnyl-furo-(bbi)-diazol. 


Diphenyl-dihydro-tetrazin is readily rearranged by acids into 
Iso-diphenyl-dihydro-tetrazin. It oxidises on exposure to the air to 
diphenyl-tetrazin (Pinner, B. 27,3273 ; 28,465 ; A. 297 , 221 ; 298 , i) : 


,H,.C 


y'NH— N" 
\N— NH 


C.C.Hj^CeHj.C 


. NH--NH\ /n=N\ 


19. Nitrazones, Nitrosazones or Phenyl - azoximes. — These 
derivatives of the benzoic acids are obtained by the same methods as 
are the corresponding aliphatic derivatives. 

Benzenyl - nitrazone, phenyl - nitro - formaldehydrazone, 

nitro-methane, or from nitro-methane itself, by the action of diazo- 
benzol. It is best obtained from benzaldehyde-phenyl-hydrazone with 
amyl nitrite or N2O4 (C. 1908, II. 945) ; an intermediate product is 
benzenyl-nitrosazone CgH^C^NO) ; NNHC^Hj, with its more stable 

transposition product, phenyl-azo-benzaldoxime h ’ 

135®. This is obtained from benzaldehyde-phenyl-hydrazone with 
amyl nitrite and pyridin. Reduction with AmjS converts phenyl- 
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aitro-formaldehydrazone first into phenyl - hydraio - bensaldoxime 
C6H5C(NOH)NHNHCeH5, and this is oxidised by ferric chloride to 
phenyl-azo-benzaldoxime. The methyl ester of phenyl-nitro-formalde- 
hydrazone CeH5C(NOOCH3) : NNHC^Hj, m.p. 92°, breaks up, on boiling 
with alcohol, into formaldehyde and phenyl-azo-benzaldoxime (B. 84 , 
2019 ; 35 , 1091 ; 36 , 62, 90). m-Nitro-benzenyl-nitrosazone N02CeH4 
C(NO) : NNHC4H5, m.p. 98° with decomposition, is transposed by 
sodium ethylate, or pyridin, into phenyl-azo-m-nitro-benzaldoxime 
N02C4H4C(N0H).N : NC4H5, m.p. 183® with decomposition. The 
nitrosazones easily lose nitric oxide, even when boiled with ether, and 
the residues undergo various condensations (B. 36 , 92). 

20. Formazyl Derivatives of the Aromatic Monocarboxylic 

Acids. — Formazyl-benzol ^ ‘r » . ™-P- 173°. consists of 

N. W ■' ' ' JN Xi 

red flakes with a greenish metallic reflex. It is produced (i) when diazo- 
benzol in alkaline solution (B. 27 , 1690) acts upon benzaldehyde-phenyl- 
hydrazone ; (2) from benzenyl-amidoxime and phenyl-hydrazin (B. 27 , 
1^0) i (3) when phenyl-hydrazin and benzo-phenyl-hydrazide-imide 
chloride interact. The hetero-ring formations of the formazyl com- 
pounds have been described. A glacial acetic acid solution of sulphuric 
acid converts formazyl-benzol into pheno-phenyl-triazin {qx.). It 
yields triphenyl-tetrazolium hydroxide upon oxidation : 


CH = ^ 

* NHC.H ~ I 




C.HjC 


/N = N— I 




-[2] 


/N = N(OH)CeH5 
• * N— KCeH, 


Phene-phenyl- 

tria7in 

Tnphenyl- 

tetrazohum- 

hydroxide. 


Guanazyl- benzol orange-yellow prisms, 

melting at 199°. It is formed w^hen diazo-benzol chloride acts 
upon benzal-amido-guanidin, the condensation product derived from 
benzaldehyde and amido-guanidin. Nitric acid oxidises guanazyl- 
benzol to diphenyl-tetrazol (B, 30 , 444). 

21 . Hydroxamic Acids, thftr Ethers and Esters. — Under benz- 
amide mention was made of the two structural formulae which were 
theoretically possible for benzamide : the benzamide formula and the 
benziviido-acid formula. If we suppose, in these formulae, a hydrogen 
atom in union with nitrogen to be replaced by the hydroxyl group, 
we arrive at the tw^o formulae theoretically possible for a hydroxamic 
acid : 


‘ ‘ X O * ‘ \OH' 

Benzamide 


P„p/NHOH 

C,H.a, o or 

Benzo-hydroxamic acid. 


The amido-formula is preferred for the amides of the carboxylic 
acids ; the imido-ethers are derived from the imido-acid formula. The 
oximido-acid formula is, however, more probable for the benzo-hydrox- 
amic acids. Hydro xime-acid chlorides correspond to the imide 
chlorides, and amidoximes to the amidines. Although hydroxamic 
acid, and its homologues, are known in but one form each, many ethereal 
derivatives of the hydroxamic acids occur in several similarly consti- 
tuted modifications, whose observed difference can in no satisfactory 
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way be attributed to structural difference (W. Lessen, A. 281 , 169). 
Just as in the case of the oximes, so here the isomeric phenonlena of 
benzo-hydroxamic acid ethers are referred to the stereo-chemistry of 
nitrogen. 

a- and j 5 -Ethyl-benzo-hydroxamic acids differ from each other by 
the following space-formulas (Werner, B. 25 , 33) : 

CgHj.C — OCjHj Ethyl-syn-benzo- C.H^.C — OCgH, Ethyl-anti-benzo- 

HON hydroxaniic acid (a-) N OH hydroxamic acid {^-). 

Crystallographic studies have shown that many classes of amide-like 
derivatives of hydroxylamine appear in polymorphous modifications. 

Benzo-hydroxamic acid CeH5.C(: NOH).OH, m.p. 124®, and dibenzo- 
hydroxamic acid or benzoyl-benzo-hydroxamic ester CeH5C(; NO. 
COCeH5)OH, m.p. 161®, are produced by the interaction of benzoyl 
chloride and hydroxylamine. Benzo-hydroxamic acid is also formed 
by oxidation of benzaldoxime with Caro's acid ; from phen> 1 -nitro- 
methane CgH5CH2N02 ; by isomerisation by means of alkali ; from 
benzaldehyde by transposition with benzol-sulphydroxamic acid, or 
with nitro-hydroxylaminic acid (B. 34 , 2023 ; 35 , 51 ; C. 1901, II. 99, 
770 ; 1904, I. 24). If silver benzoate is made to act upon benzo- 
hydroximic chloride, an isomer of dibenzo-hydroxamic acid is first 
formed, melting at 95°, and this easily transposes into an isomer of 
higher m.p., incidentally splitting off benzoic acid, and forming a 
certain quantity of diphenyl - furoxane. A few substituted benzo- 
hydroximic chlorides only yield the corresponding diphenyl-furoxanes 
(B. 32 , 1654). On heating benzo-hydroxamic acid with thionyl chloride 
in benzene solution, we get phenyl iso-cyanate, with intramolecular 
atomic displacement (C. 1907, I. 633) : 

CeH5C(: NOHjOH+SOClj = CeH^N : C : O+SO2+2HCI. 

The potassium salt of the dibenzo-hydroxamic acid is decomposed 
by water, especially on heating, into potassium benzoate, s-diphenyl- 
urea, and CO2 : 

2CeH5C( : N0C0C,H5).0K-hH*0 = 2C,H5COOK-f CO(NHCeHj),-f CO,. 

Other acidyl derivatives of benzo-hydroxamic acid behave similarly ; 
on heating with ammonia they yield monophenyl-urea ; with alcohol, 
phenyl-urethane, — i.e. transformation products of phenyl iso-cyanate 
(A. 309 , 189). 

The rearrangement occurring here recalls that of ketoximes (Beck- 
mann, p. 189) to alky Used acid amides. As s-dipheny 1 -urea can be 
resolved by hydrochloric acid into aniline and CO 2, it is possible, aided 
by these reactions, which are capable of greater generalisation, to 
change benzoic acid to aniline — that is, to replace the CO2H group by 
the NHg group (A. 175 , 313; compare benzoyl azide). The alkyl 
ethers of dihydroxamic acid are known in two modifications : 
a-(syn)-methyl ether, m.p. 53®; jS- (anti) -methyl ether, m.p. 55®; 
a-(syn)-ethyl ether, m.p. 58° ; / 3 - (anti) -ethyl ether, m.p. 63° (A. 205 , 
281 ; 281 , 233). The a-bodies result from the action of alkyl iodides 
upon the silver salts ; the j 3 -compounds through the action of benzoyl 
chloride and caustic potash upon the alkyl-hydroximic acids. 

Benzo-hydroximic acid alkyl ethers or alkyl-benzo-hydroximic 
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acids C4H5C(: NOH)OR' are obtained from benzimido-ethers and 
hydroxylamine hydro-chloride, and from dibenzo-hydroxamic acid 
alkyl ethers (A. 252, 211). They occur in two modifications, which 
can be distinguished by the fact that the a- or syn-modifications 
yield on treatment with PCI5 (by Beckmann's transposition) phenyl- 
carbamic acid ethers, or their transposition products : 

C^HiCOCHj (DCOCHj 

HO N ' 

whereas the jS- or anti-forms become phosphoric ethers of the alkyl- 
benzo-hydroximic acids (B. 29, 1146). a- (syn) -Methyl ether, m.p. 64®, 
readily changes to a physical isomeride, also belonging to the syn- 
modification, m.p. loi® (B. 29, 1150). jS- (anti) -Methyl ether, m.p. 
44® ; a-(syn)-ethyl ether, m.p. 53® ; and j3-(antl)-ethyl ether, m.p. 68®. 

The alkyl-benzo-hydroximic acids also form alkyl and acidyl ethers. 
Tribenzoyl-hydroxylamine is produced 

in three forms when benzo\ 1 chloride acts upon hydroxylamine chloro- 
hydrate : a-modification, m.p. 100® ; j3-modification, m.p. 141® ; and 
the y-modification, m.p. 112®. Hydrochloric acid changes the a- and 
y-modiftcations into the jS-form (A. 281, 276). 

Thio-benzo-hydroxamic acid an unstable oil, is formed 

by the action of hydroxylamine upon dithio-benzoic acid. The di- 
benzoyl compound melts at 92® (C. 1909, II. 1552). 

22. Haloids of Benzo-hydroxamic Acid. — The free chlorides, as 
well as the ethers of the fluorides, chlorides, and bromides, are known. 
The free chlorides result from the corresponding benzaldoximes upon 
treatment with chlorine in chloroform solution. The ethers are pro- 
duced when the amidoxime ethers are treated with haloid acids and 
an alkaline nitrite ; also when PCI5 acts upon the alkyl ethers of 
hydroxamic acid (A. 252, 217). The hydroximic chlorides with 
ammonia yield amidoximcs ; with hydroxylamine, hydroxam-oximes ; 
on standing, or, rapidly, on heating, they are decomposed to form 
azoximes (q.v.) and nitriles ; with sodium carbonate the}’ split off HCl 
and yield nitrile oxides. For transposition with silver salts, see B. 32, 

1975. 

Benzo-hydroxlmic acid chloride C6H5C( : NOH)Cl, melting at 48®, 
from benzaldoxime, is converted by ammonia into benzen^ l-amidoxime 
(B. 27, 2193, 2846). Benzenyl-methoxime chloride C^Hj.C^ : NOCH3)Cl, 
boils at 225®. Benzenyl-ethoxime bromide CqH 5.C( : NOC2H5)Br boils 
at 239“ (B. 24, 3454). 

Benzenyl-hydroxylamine-acetic acid CeH 5 .C( : N0CH,.C02H).0H, 
melting at 135^-138®, is formed when caustic potash acts upon ben- 
zenyl-nitroxime-acetic acid C2H5.C{ : N0.CH2C02H)0N0, melting at 
95®. The latter is produced through the action of sulphuric acid and 
potassium nitrite upon benzenyl-amidoxime-acetic acid (see below). 
Benzenyl-fluor-, chlor-, and bromoxime-acetic acids all melt at 135®. 
They are obtained when haloid acids and an alkaline nitrite are allowed 
to act upon benzenyl-amidoxime-acetic acid (B. 26, 1570). 

23. Benzo-nitrolic Acid c,HjC light-yellow needles, of very 

bitter taste, m.p. 58®, is formed, besides benzaldoxime peroxide, by 
the action of HNO, upon phenyl-iso-nitro-methane, and, in small 
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quantity, by oxidation of benzo-nitrosolic acid with KMn04 89 , 
2522). It is much more unstable than the parafi&n-nitrolic acids, and 
easily decomposes on standing, doing so instantly on heating with HNOg 
and diphenyl-furoxane with intermediate formation of benzo- 

nitrile oxide. In alkalies it dissolves with an orange coloration. The 
solutions of the alkali salts decompose spontaneously into alkali nitrite 
and tribenzo-nitrile oxide. 

24. Benzo-nitrosolic Acid is obtained in the form of 

its dark-blue salts, by the action of aqueous alkalies, or ammonia, 
upon benzo-hydroxame oxime, with intermediate formation of the very 

unstable red azo-compound which is split up, 


by hydrolysis, into benzenyl-amidoxime and benzo-nitrosolic acid. 
The free acid is not stable ; liberated from its salts, it decomposes 
into HNOg and benzo-nitrile. The action of iodine upon the silver 
salt (pink needles, decomposing at 94®) produces diphenyl-furoxane 
(B. 89 , 1480). 

25. Nitrile Oxides. — ^T he nitrile oxides contain the atomic group 


— c 


and may therefore be regarded as anhydrides of the hydrox- 


amic acids, with which they are in close genetic connection. 

/N 

Benzo-nitrile oxide C,HjC^ 1 forms a mobile oil, of a penetrat- 


ing odour, resembling nitrile. At a low temperature it solidifies in 
a crystalline mass, melting at 15°. It is obtained by withdrawing 
HCl from benzo-hydroximic chloride by means of sodium carbonate 
(B. 40 , 1667). On keeping, it quickly polymerises to diphenyl-furoxane 

On heating in xylol solution it partly isomerises 


to phenyl iso-cyanate (B. 42 , 4207). Concentrated HCl splits it up into 
benzoic acid and hydroxylamine,while zinc dust and glacial acetic acid 
reduce it to benzo-nitrile. With methyl-magnesium iodide it combines 
to form aceto-phenone oxime : 


C.H.C^^ C.H,C( : NOMgI)CH, C,H,C( ; NOH)CI^. 


A trimeric body of benzo-nitrile oxide is formed by the spontaneous 
decomposition of an aqueous solution of sodium benzo-nitrolate, with 
splitting off of sodium nitrite. 

/ /N\ 

Tribenzo-nitrile oxide c,h,c<( i is decomposed at 130®, ydth 
\ 0/8 

explosion when rapidly heated. In its transformations it resembles 
the monomeric compound. Heating in toluol solution depolymerises 
it, with formation of phenyl iso-cyanate; with aniline, it yields 
diphenyl-urea, by reduction, benzo-nitrile. Alcoholic HCl splits it, 
partly into benzoic acid and hydroxylamine, and partly transforms it 

into dibenzenyl-axoxime ^ 

26. The Amidoximes are produced by the action of hydroxylamine 
upon thio-amides, nitriles, imido-ethers, and amidines. Ferric epoxide 
imparts a deep-red colour to the alcoholic solution of the amidoximes. 
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Benienyl - amidoxime, amide of benzo - hydroxamic acid 
melts at 79®. It gives the iso-nitrile reaction with 

chloroform and potassium hydroxide. Nitrous acid changes it to 
benzamide. With acids and caustic alkalies it yields salts — e,g. 
C^U^.C( : N.0H)NH2.HC1 and C^n^,C(Nli^) : N.OK. Alkyl iodides 
convert the latter into amidoxime ethers. 

Methyl ether C^H5(.NH2) : NOCH, melts at 57® ; the ethyl ether 
melts at 67® (A. 281 , 280). 

Aeetyl-benzenyl-amidoxlme CeH5.C( : NOCOCH3).NH2 melts at 
16® (B. 18 , 1082). Benzenyl-oximido-earbonic ester CeH/ ^.NHj) : 
NOCOjCjHj melts at 127®. Benxenyl-oximido-glycollic acid ( eHs. 
C(.NH2) : NO.CHj.COgH melts at 123°. Benzenyl-amidoxime-butyric 
aeid C3H5C(NH2) : NOCH(C2H5)COOH melts at 82® (B. 29 , 2655). 

Hetero-ring Formations of the Amidoximes. — (i) The amidoximes 
condense with the aldehydes of the fatty series to hydrazoximes. The 
amidoxime acid derivatives, alluded to above, throw off, on heating 
above their melting-points, water or alcohol, and become azoximes : 


C,H,.C 


/NH, 

NOH 


-uCH.CHO 

-H,0 




'NH- 
N— O 


>CH.CH3 


Benzenyl hydraz- 
oxime-ethidene 


r H r^' -H.O 

' K.OCOCHj 

NH, -C.H.OH 

‘ ‘ 0 <.O.CH..CO,H 


C.H..C<^^->CO 


Ethenyl-benzenyl- 

azoxime 

Carbonyl-ben- 

zenyl-azoxime 


tr -H,o tJT — CO^ Benzenyl-amidoxime> 

N.O CH. CO,H O glycollic acid. 


There is a distinction between the amidoximes and the oxy-amidins, 
which have the same tautomeric fundamental form : 


^/NOH 

\NH, 


and 


^XNHOH 


Oxy-amidins are produced from imido-chloride with jS-aryl-hydro- 
xylamines (B. 34 , 2620 ; 36 , 18). Benzenyl-phenyl-p-tolyl-oxy-amidin 
CeH5C{NCeH5)N(C7H7)OH, m.p. 17s®, and benzenyl-p-tolyl-phenyl-oxy- 
ami^D C2H5C(NC7H7)N(C,H5)0H, m.p. 191®, on reduction with HgSOj, 
form the same phenyl-tolyl-benzamidin. 

27. H\tjrazidoximes result from benzo-hydroximic chloride, and 
hydrazin hydrate, in alcoholic solution. Like the amidoximes, they 
possess an amphoteric character, and dissolve in acids as well as in 
alkalies. The latter readily decompose them, with liberation of nitrogen. 

Benzenyl-hydrazidoxime ^•K 4 ^\nhnh * decom- 

position, yields N-oxy-c-phenyl-tetrazol with nitrous acid. With 
benzaldehyde it condenses to benzal-benzenyl-hydrazidoxime C^HjC 
( : NOH)NH.N : CHC^Hj, m.p, 120®, which, with acids, is easily 
anhydrated into ccj-diphenyl-triazol (B. 42 , 4199) : 

N-Oxy-c-phenyl-tetrazol 
c.Cj-Diphenyl-triazol. 


u ^/NOH NOOH 

NH* 

'^NOH _H,o 
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28. Hydroxamoximes. — Benzo-hydrozamoxime* benzenyl^xy-ami- 
doxime CjH5C(NOH)NHOH, m.p. 115® with decomposition, is formed 
from benzo-hydroximic chloride with hydroxylamine ; it yields a 
reddish-brown copper salt (C7H7N202)2Cu (B. 81 , 2126). * Alkalies 
convert it into a red azo-body, which is further hydrolysed to benzenyl- 
amidoxime and the salts of benzo-nitrosolic acid (B. 89 , 1480). 

Derivatives of Orthobenzoic Acid. 

29. Ethyl - orthobenzoic ester, elhyl ortho -benzoate, benzenyl • ethyl 
Ether C8H5C(O.C2H5)3, from phenyl-chloroform and sodium ethylate, 
boils at 220®-225°, or from phenyl-magnesium bromide and ortho-car- 
bonic ester (B. 38 , 564). 

30. Benzo-trichloride, phenyl-chloroform, benzoic acid trichloride, 
benzenyl trichloride CgHgCCla, melting at — 22 5® (B. 26 , 1053), boiling 
at 213®, with sp. gravity 1*38 (i''4), is isomeric with the chloro- 
benzal chlorides, dichloro-benzyl chlorides, and the trichloro-toluenes. 
Phenyl-chloroform bears the same relation to benzoic acid or phenyl- 
formic acid that methyl-chloroform bears to acetic acid or methyl 
formic acid ( 1 . 256). It results (i) upon conducting chlorine into 
boiling toluol, until there is no lurther increase in weight (A. 146 , 
330) ; (2) by the action of phosphorus pentachloride upon benzyl 
chloride (A. 139 , 326). It changes to benzoic acid when heated to 
100® with water. It yields benzoyl chloride and benzoic anhydride on 
being digested with anhydrous oxalic acid (A. 226 , 20). It readily 
condenses to triphenyl-methane derivatives, with the anilines and 
phenols (B. 15 , 232 ; A. 217 , 223). 

Benzo-trifluoride CeHgCFg, b.p. 103®, is formed besides difluoro- 
chloro-toluol CgHgCClFj, b.p. 143®, from benzo-trichloride and antimony 
trifluoride (C. 1898, 11 . 26). 

31. Ortho-benzoic acid piperidide C2H5C(N.C5Hio)3, m.p. 80®, is 

produced on warming benzo-trichloride and piperidin. 

The benzamide haloids also belong to the derivatives of ortho- 
benzoic acid. 

(c) Substituted Aromatic Monocarboxylic Acids. 

Only those will be given in connection with the monocarboxylic 
acids in which the substitution has occurred with the hydrogen atoms of 
the benzene nucleus. Certain ortho-products show the power, by water 
elimination, of yielding inner anhydrides or heterocyclic compounds. 

See above for the behaviour of 2, 6-substituted carboxylic acids in 
their esterification with alcohol and hydrochloric acid. 

I. Halogen Benzole Acids are formed : 

(1) By the substitution of benzoic acids or nitriles ; the halogen 
atom entering first prefers the meta-position with reference to car- 
boxyl. 

(2) By oxidising p- and m-halogen toluols and higher homologues 
with chromic acid, and o-haloid hydrocarbons with ^ute nitric acid 
or potassium permanganate. In the animal organism the halogen 
toluols are transformed into the corresponding halogen-substituted 
hippuric acids (C. 1903, I. 411). 
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(3) From the amido-acids by means of {a) the diazo-sulphates, or 
(b) the diazo-amido-acids ; both classes, when boiled with haloid acids, 
give the corresponding halogen-carboxylic acids (B. 16 , 1197). 

(4) By the action of phosphorus pcntachloride upon the oxy-acids 
(compare salicylic acid). 

(5) Nuclear synthesis : heating the halogen nitro-benzols to 200®- 
230® with potassium cyanide and alcohol. In this reaction the cyano- 
gen group replaces the nitro-group ; it does not, however, take the same 
position in the benzene residue (B. 8, 1418). At the temperature of 
the reaction the nitrile changes to the acid. m-Chloro-nitro-benzol 
yields o-chloro-benzoic acid ; and p-chloro-nitro-benzol, m-chloro- 
benzoic acid. 

(6) From the haloid anilines through the diazo-compounds, etc. 

Properties and Behaviour , — In the following tabulation of the melt- 
ing-points of the monohaloid benzoic acids it will be observed that the 
ortho-bodies melt at the lowest temperatures, and the para-compounds 
at the highest. The melting-point rises with the atomic mass of the 
substituting halogen. The ortho-derivatives are fairly readily soluble 
in water, and easily yield soluble barium salts, whereby they can 
usually be quite readily separated from the meta- and para-derivatives. 
When they are fused with caustic potash, oxy-benzoic acids result. 
With NH3, or amines and copper, o-chloro-benzoic acid is transposed 
into anthranilic acid and n-alkyl-anthranilic acids (A. 855 , 312). 

Fluoro-benzoic acid : o-, m.p. 120® : m-, m.p. 124® ; p-, m.p. 182® 

Chloro-benzoic acid : o-, ,, 137® ; m-, ,, 153® ; p-, ,, 240® 

Bromo-benzoic acid : o-, ,, 147® : m-, „ 155® ; p-, ,, 251® 

lodo-benzoic acid : o-, „ 162®; m-, „ 187®; p-, „ 265®. 

Numerous poly-chloro- and poly-bromo-benzoic acids are known. 
The five hydrogen atoms of the phenyl of benzoic acid can be replaced 
by chlorine or bromine. 

2. lodoso- and lodo-benzolc Acids. — Upon chlorinating the three 
iodo-benzoic acids in chloroform, three iodo-chloro-benzoic acids are 
produced. Sodium hydroxide changes these to the iodoso-benzoic acids 
(B. 27 , 2326). o-Iodoso-benzoic acid CeH4(I0)C02H consists of bril- 
liant flakes, which explode at 244®. This acid is also produced in the 
oxidation of o-iodo-benzoic acid with fuming nitric acid (B. 28 , 83), and 
together with iodozy-benzoic acid C4H4{I02)C02H, exploding at 230® 
with violence, when o-iodo-benzoic acid is oxidised with potassium per- 

maiigate. The formula has also been suggested for 

the o-iodoso-benzoic acid, as it yields, like laevulinic acid, when heated 
with acetic anhydride, an acetyl derivative : acetiodoso-benzoic acid 

at 166° (B. 26 , 1364). 

3. Nitro-monocarboxylic Acids. — Not more than three nitro-groups 
have been introduced into the benzene residue of an aromatic carboxylic 
acid. 

Nitro-benzoie Acids. — (i) Meta-nitro-benzoic acid is the principal 
product in the nitration of benzoic acid. The quantity of the ortho- (20 
per cent.) and para- (i*8 per cent.) acids is less (A. 198 , 202). (2) By 

oxidising the three nitro-toluols ; the ortho- with potassium permangan- 
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ate (B. 12, 443), and the meta- and para- with a chromic acid mixture 
(A. 166, 25). o- and p-Nitro-benzoic acids are also produced by oxidis- 
ing o- and p-nitro-benzyl chloride with potassium permanganate (B. 17, 
385), as well as by oxidising o- and p-nitro-cinnamic acids. (3) By 
converting the three isomeric nitranilines into the thrfee nitro-benzo- 
nitriles (B. 28, 150). The nitration of o-benzo-nitrile yields m-nitro- 
benzo- nitrile almost exclusively. o-Nitro-benzo-nitrile has been 
obtained from o-nitraniline (B. 28, 151). Nitro-acids result upon 
saponifying the nitro-nitriles with caustic soda : 

o-Nitro~benzoic acid melts at 147® ; o-Nitro-benzo-nitrile melts at 109® 

m-Nitro-bemoic acid „ 141® ; m-Niiro-benzo-nttrile „ u6® 

p-Nitro-benzoic acid „ 238® ; p-Nitro-benzo-nitriU „ 14 7®* 

o-Nitro-benzoic acid possesses a sweet taste, and dissolves in 164 
parts of water at 16°. Its nitration produces 2, 6-, 2, 5-, 2, 4'dinitro- 
benzoic acids, and styphnic acid. o-Nitro-benzoyl chloride, m.p. 25°, 
see C. 1901, I. 1227. m-Nitro-benzoic acid dissolves in 425 parts of 
water (16®). Its barium salt dissolves with difficulty. Upon nitration 
it yields 2, 5-dinitro-benzoic acid. p-Nitro-benzoic acid (chloride, 

m.p. 75®; anhydride, m.p. 190®; see A. 314, 305), called also nitro-dra- 
crylic acid, because it is formed in the action of nitric acid upon dragon's 
blood (A. 48, 344), is very sparingly soluble in water. Nitration con- 
verts it into 2, 4- and 3, 4-dinitro-benzoic acids. The electrolysis of 
its warm sulphuric acid solution produces p-amido-phenol-sulphonic 
acid (B. 28, R. 378 ; compare also B. 28, R. 126). 2, 4-, 3, 4-Dinitro- 
and 2, 4, 6-trinitro-benzoic acids are obtained by the oxidation of the 
corresponding nitro-toluols. The dinitro-toluols are oxidised by a 
chromic acid mixture (B. 27, 2209), or by potassium permanganate. 
Trinitro-toluol is oxidised by a nitric-sulphuric acid mixture at 

I50®-220®. 

2, 4-Dinitro-benzoic acid melts at 179® ; the 2, 5-acid melts at 177® ; 
2, 6-acid at 202® ; the 3, 4-acid at 165° ; the 3, 5- or ordinary dinitro- 
benzoic acid melts at 204®. 2, 4, 6-Trinitro-benzoic acid (N02)s 

C^HjCOgH melts at 210® with the elimination of COg (B. 27, 3154 ; 
28, 2564, 3065, R. 125 ; C. 1899, II- 98). Chlorimido-m-nitro-benzoic 

methyl ester N0.[5K.H,C<^ is formed from benzoyl chloramide 

and diazo-methane ; it occurs in two stereo-isomeric forms, m.p. 
88® and 84® ; gaseous HCl reduces both to the same m-nitro-benz- 
Imido-methyl ester N02CeH4C( : NH)OCH3, from which sodium hypo- 
chlorite restores a mixture of the two isomers (C. 1908, II. 1174). 

Nitro-halold benzoic acids (C. 1901, II. 287 ; 1902, II. 581). — 
0 , o-Fluo-nltro-benzoic acid CeH3F(N02)C00H, melting at 127®, has 
been prepared by oxidising fluo-nitro-toluol. In contrast ^^^th the 
other o, o-di-substituted benzoic acids, it can be quite readily esterified 
(B. 29, 842). 1, 4, 6-Mononltro-chloro-benzoic acid, m.p. 165®, and 
two dinitro-chloro-benzolc acids, m.p. 238® and 200®, are formed by 
nitrifying o-chloro-benzoic acid (C. 1900, I. 742). The nitration of 
m-bromo-benzoic acid jdelds two o-nitro-acids, both of which yield 
anthranilic acid upon reduction : 3-bromo-2-nitro-benzoic acid, melting 
at 250®, and 3-bromo-6-nitro-benzoic acid, melting at 139® (compare 
equivalence of the six hydrogen atoms of benzene). The halogen atom 
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in the nitro-haloid benzoic acids is reactive, like that in the nitro- 
haloid benzols (B. 22, 3282). 

Nitro-phenyl-acetic aoids NO2.CjH4.CHj.CO2H are produced by 
saponifying the nitro-benzyl-cyanides with caustic alkali. The latter 
bodies constitute the product resulting from the action of potassium 
cyanide upon the nitro-benzyl chlorides (B. 16 , 2064 ; 19 , 2635). 
The nitration of phenyl-acetic acid produces chiefly the p-nitro- 
body, with little of the o-nitro-acid and o, p-dinitro-phenyl-acetic acid, 
melting at 160®. The latter is also obtainable from 2, 4-dinitro- 
phenyl-aceto-acetic ester, by saponification with dilute HjSOj (B. 
42 , 601). 

0-, m-, p-Nitro-phenyl-acetic acid, m.p. 141°, 120°, 152® 

0-, m-, p-Nitro-benzyl cyanide „ 84®, 61®, 116®. 

Nitro-hydro-cinnamie acids NO2CjH4CH2.CH2.CO2H. — ^p-Nitro- and 
o-nitro-hydro-cinnamic acids result from the nitration of hydro- 
cinnamic acid. Both, in turn, yield the o, p-dinitro-acid. The o-nitro- 
acid is also prepared from o-nitro-p-amido-hydro-cinnamic acid, the 
first reduction product of the o, p-dinitro-acid, as well as from o-nitro- 
benzyl-malonic ester (q.v.). The m-nitro-acid is obtained from p-acet- 
amido-m-nitro-hydro-cinnamic acid (B. 15 , 846 ; 29 , 635 ; compare 
also m-nitro-toluol). 

0-, m-, p-Nitro-hydro-cinnamie acU, m.p. 115®, 118®, 163° 

0, p-Dinitro-hydro-cinnamic acid, „ 123® (B. 13 , 1680). 

0- and p-Nitro-hydratropie acids N02.CeH,.CH(CH3).C02H, m.p. 
no® and 87®, are produced upon introducing hydratropic acid into 
strongly cooled fuming nitric acid (A. 227 , 262). 

4. Mitroso-monocarboxylic Aei^. — o-Nitroso-benzoic acid CjH4[i] 

N0[2]C0.0H, melting with decomposition at 210®. It consists of 
colourless crystals, gp-een in solution, and is formed from anthranilic 
acid by oxidation with Caro's acid (B. 86, 3651), and from o-nitro- 
benzaldehyde by transposition under illumination in indifferent 
solvents. In alcoholic solutions we obtain the esters : methyl ester, 
^ 153° ; ®thyl ester, m.p. 121® (A. 371 , 319). o-Nitro-benzylidene- 

aniline CjH4[i]N02[2]CH : NCjHj, in light gives o-nitroso-benz- 
anilide CjH4(NO)CONHCjH5 (B. 2715 , 36, 4373). In connection 

with these modes of formation, we have the formation of o-nitroso- 
benzoic acid by the action of alcoholic ammonia on o-nitro-mandelic 
nitrile NO«[i]CjH 4 [ 2 ]CH(OH)CN, with elimination of HCN (B. 39, 
2335)* o-Xitroso-ben2X)ic acid is also produced by the oxidation of 
phenyl-oxy-indol. 4 -Nitro- and 2 , 4 r-dinitro-o-nitroso-benzoic acid are 
transformation products of 2, 4-dinitro- and 2, 4, 6-trinitro-benz- 
aldehyde in light. 0-, m-, and p-nitroso-benzoic acid, and their esters, 
are also obtained by the oxidation of the corresponding hydroxyl- 
amino-benzoic acids, which result from nitro-benzoic acids by reduc- 
tion (B. 87 , 333). 

5. Hydroxylamino-earboxylle Adds. — 0 - Hydroxylamino - benzole 

add C,H4[2]NHOH[ijCOOH, brilliant needles, m.p. 142° with decom- 
position, obtained by reducing o-nitro-benzoic acid with zinc dust and 
sal anunoniac. It has the general properties of hydroxylamino-com- 
pounds : oxidising agents convert it into o-nitroso-benzoic acid, with 
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which it condenses in alkaline solutions to oo'-azoxy-benzoic add. On 
warming with dilute H,S04 it is partly transposed into 5-oxy-anthra- 
nilic acid OH[5]C,H,[2]NH,[i]COjH, while the major part passes into 
its anhydride. 

Benzisoxazolone, oxy-anthraniU 




II. 


C,H.{ 


[2]N 


m.p. 1 12® with decomposition. It has an acid character. While 
the alkali salts, on account of their very difficult breaking up 
into o-hydroxylamino-benzoic salts, must be regarded as probably 
derivatives of oxy-anthranile (formula II.), the alkyl- and acyl-benziso- 
oxazolones obtained from them are reducible to formula I., since, on 
reduction, they easily form N-alkyl- and acyl-anthranilic acids. 

N-Acetyl-benzisoxazolone 

formed by condensation of o-nitroso-benzoic acid with paraldehyde 
under the influence of light (B. 42 , 2297). 

6. Aromatic Amido-monocarboxylic Acids. — These are obtained by 
reducing the corresponding nitro-benzoic acids. Like glycocoll, the 
amido-benzoic acids yield crystalline salts both with acids and bases. 
They do not combine with acetic acid, hence are precipitated by it 
from their alkali salts. 

Like glycocoll, these acids can be considered as cyclic ammonium 
salts (Vol. L). The hydrogen atoms of the amido-group are replace- 
able by alkyl and acidyl residues. Dimethylated amido-acids are 
produced by the action of phosgene and aluminium chloride upon the 
dimethyl-anilines. Acetamido-benzoic acids are formed by the oxida- 
tion of the acetyl-toluidins. 

The o-amido-acids (of which o-amido-benzoic acid and o-amido- 
phenyl-acetic acid are closely related to indigo, and o-amido-hydro- 
cinnamic acid to quinolin) form hetero-rings, and }deld rather remark- 
able ortho-condensation products. 

^TilCO H ([i]COO 

Anthranilic acid, o-amido-benzoic acid or c,H4 / . 

\[2]NH, ([2]NH3 

m.p. 145°, sublimates at low pressures without decomposition (C. 
1903, 1. 922), but breaks do\\Ti, upon heating, into aniline and carbonic 
acid. Its aqueous solution has a sweet taste ; many of its organic 
solutions have a blue fluorescence (B. 31 , 1693) It was first 
obtained from indigo {q,v,) by the action of caustic potash (Fritzsche, 
1841). 

The oxidation can be accelerated by the addition of manganese 
dioxide (A. 234 , 146). The acid results from the reduction of o-nitro- 
benzoic acid and the two m-bromo-o-nitro-benzoic acids with tin and 
hydrochloric acid ; from o-nitro-toluol by heating with concentrated 
potash (C. 1900, I. 1098), and from anthranile, acet-anthranilic acid, 
and isatoic anhydride by splitting. Cp. o-chloro-benzoic acid. 

Industrially, it is obtained from phthalimide by treatment with 
bromine and caustic potash (B. 24 , R. 966 ; 38 , 218 ; J, pr. Ch, 2, 
80 , I) : 

C«H4(CO)2NK+BrOK+2KOH = CeH4(NH*)COOK+BrK+CO,Ka. 



302 


ORGANIC CHEMISTRY 


It is also obtained from phthalic hydroxylamine with alkali (C. 1902, 

II. 1439). 

Nitrous acid converts anthranilic acid, in aqueous solution, into 
salicylic acid, and sodium, in amyl-alcohol solution, into hexahydro- 
anthranilic acid, hexahydro-benzoic acid (j.v.), and n-pimelic acid 
(Vol. I.) (B. 27 , 2466). 

With PCI5 anthranilic acid forms chlorides : COCl.CgH4NHPOCl2, 
m.p. 62°, and (C0C1.C8H4NH)2P0C1, m.p. I48°-I53® (B. 36 , 1824). 

The methyl ester, m.p. 25-5®, b.p. 125®, is a characteristic con- 
stituent of orange-blossom oil and neroli oil (B. 32 , 1512), and is also 
found in the oil of flowers of Tuberosa (B. 36 , 1465). The ethyl ether 
boils at 260®. These esters are also obtained direct from phthalimide, 
in alcoholic alkaline solution, with alkali hypochlorite (C. 1903, I. 745). 
Also from isatoic anhydride, with sodium alcoholate and water 
(B. 33 , 28). Its amide, from isatoic acid and ammonia, melts at 108® 
(B. 18 , R. 273). 

Unsym. phenyl-hydrazide, m.p. 134® (A. 301 , 89). 

Anthranilic nitrile, o-amido-benzo-nitrile, o-cyananiline NH2[2]C2H4 
CN, m.p. 49®, b.p. 267®, from nitro-benzo-nitrile, with SnClg and 
HCl (B. 42 , 3711), or from o-amido-benzaldoxime by splitting 
off H2O (B. 36 , 804) ; on heating with AmjS it yields the 
thiamide NH2C4H4CSNH2, m.p. 122®; with HNOj, y-amido-indazol 

(C- 1903, 1- 1270 : B. 42, 3716). 

Formyl-anthraniUc acid CH0.NH[2]CeH4[i]C02H, melting at 169®, 
is produced in boiling isatoic acid with formic acid. It condenses on 

heating to keto-dihydro-quinazolone-benzoic acid 

(B. 35 , 3475). 

Acetyl-anthranilic acid CH3C0.NH[2]CeH4[i]C02H results from 
anthranilic acid treated with acetic anhydride ; from o-aceto- 
toluidin, by oxidation with KMn04, in the presence of magnesium 
sulphate (B. 36 , 1801), and from the oxidation of methyl-ketol and of 
quinaldin {q.v.). The methyl ester, m p. 61®, and the amide, m.p. 170°, 
have been obtained from anthranilic acid ester and amide. Heating 
of acetanthranilir acid, or its ester, with POCI3 produces the so-called 
dianhydro- diacetanthranilic acid C18H14N2O4, m.p. 250®. By heating 
with acetic anhydride to 150®, or, by itself, to 200®“2io®, acetanthra- 
nilic acid is partly anhydrated to acetanthranile, and partly condensed 

to methyl-dihydro-quinazolone-benzoic acid (B. 

35 , 3470). Benzoyl-anthranilic acid C3H3CONHCeH4COOH, m.p. 183®, 
see B. 26 , 1304 ; A. 324 , 134. Benzo-sulphone-anthranilic acid, 
CeH5S02NHC3H4C00H, m.p. 214® ; chloride, m.p. 155° (A. 367 , 104). 

Anthranile 99 ° an oil of a 

peculiar odour, volatile in water vapour. It is dealt with in this place 
because it behaves, in many reactions, like an anhydride of anthranilic 
(CO 

acid, C4H4S I jS-lactame, being transformed by alkalies into 

anthranilic acid, and by acetic anhydride into acetanthranile. The^ 
reactions, however, probably take place with an intramolecular atomic 
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displacement. A direct conversion of anthranilic acid intq anthranile 
has not been hitherto accomplished. The modes of formation of 
anthranile are as follows ; (i) from nitro-benzaldehyde by reduction 
with tin and acetic acid, or with ferrous sulphate and ammonia ; (2) 
from azido-benzaldehyde ; (3) from o-nitroso-benzyl alcohol, on boiling 
with water ; (4) from amido-benzaldehyde by oxidation with Caro’s acid. 
These reactions lead to the conclusion that anthranile is an anhydride 
or inner ether of the unstable o-hydroxylamino-benzaldehyde 

f CHO 

NHOH 3653)* whose oxime is obtained by treating 

it with hydroxylamine, and whose nitroso-compound results from the 
action of HNO^. This view is supported by the easy reduction of 
anthranile to o-amido-benzaldehyde, and the close relation to anthrox- 
I C-COOH 

ante acid C,H4] I \q apparent from the analogous forma- 


tion and especially from the fact of its passing into anthranile on 
heating with water to 150® {J. pr. Ch. 2, 81, 254). The improbability 
of the jS-lactame formula is also seen by a compari5K)n with dianthra- 
nilide, which must be taken as a true molecular anhydride of anthranilic 
acid. Anthranile is easily obtained from the dimercury compound of 
o-nitro-toluol by the action of concentrated HCl. With corrosive 
sublimate, anthranile forms a characteristic double compound C7H5NO. 
HgClj, m.p. 178°. With chlorine, it combines to form a dichloride 
rCH . 

C4H4] 1 >0, m.p. 77®, which, on heating with water, passes into 

B2-monochIor-anthranIIe, m.p. 79®, with migration of a chlorine atom 
B. 42, 1701). 

Methyl-anthranUe 


from o-nitro-aceto-phenone, 


and phenyl-anthranlle from o-nitro- or o-amido- 


benzo-phenone, must be regarded as true homologues of anthranile 
(B. 36, 819, 2042). Anthranile derivatives are probably traceable 
in the compounds produced by the condensation of o-nitro-benzalde- 
hyde with phenols and tertiary amines in the presence of concentrated 
HCl (B. 42, 1714). 

Acetyl-anthranlle or “‘ P- 8i°*b.p.ij 

147®, from anthranile or acetanthranilic acid, as well as carbox-ethyl- 
anthranilic acid, with acetic anhydride. It must therefore be regarded 
as a true anhydride of acetanthranilic acid. With NHj it yields 
o-acetamido-benzamide ; with aniline and other amine bases it gives 

derivatives of methyl - dihydro - quinazolone C4H4I 1 A 

similar behaviour is shown by benzoyl-anthranile C4H4^^^^^ ^ or 
m.p. 122®, formed from benzoyl-anthranilic acid by 

splitting off H^O ; from anthranilic acid, benzoyl chloride, and p)Tidin 
in the cold ; and from anthranile after several hours’ heating with 
benzoyl chloride (B. 35, 3480 ; 36, 2766). The very smooth formation 
of addyl-anthraniles from the acidyl-anthranilic acids, as well as the 
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close relations to the quinazolones, indicate the first formula rather 
than the second. This is corroborated by the anhydride formation 
of those acyl-anthranilic acids, like benzol-sulphone-anthranilic acid 
and picryl-anthranilic acid, in which the formation of compounds of 
(CO.O 

the formula is difficult, or is impossible, dimolecular 

anhydrides being formed (see Dianthranilides, and A. 367, 124). The 
acyl-anthraniles must therefore be regarded as j8, y-benzo-metoxazins, 
and are closely related to the anhydrides obtained from benzoyl-a- 
amido-acids ; cp. hippuric acid, benzoyl-alalin, etc. 

Dimolecular Anhydrides of Anthranilic Acid (A. 367, loi). — 
^\llile, therefore, anthranile cannot be regarded as a simple anhy- 
dride of anthranilic acid, dimolecular true anhydrides of anthranilic 
acid are known : anthranoyl-anthranilic acid, anthranoyl-anthranilic 
anhydride (anthranoyl-anthranile), and dianthranilide, which can all 
be broken up to obtain anthranilic acid. 

Anthranoyl-anthranilic acid NH2[2]CeHj[i]COHN[2]CeH4[i]COOH, 
m.p. 203®, is formed (i) by reduction of o-nitro-benzoyl-anthranilic 
acid ; (2) by condensation of anthranilic acid with isatoic anhydride ; 
and hence (3) as an intermediate product in the industrial preparation 
of anthranilic acid from pnthalimide, sodium hypochlorite, and sodium 
hydrate { J. pr, Ch. 2, 80, i). On heating above the melting-point, 
or, more easily, by the action of thionyl chloride, it liberates water and 
passes into anthranoyl-anthranilic-acid-O-anhydride, anthranoyUanthra- 

nile m.p. 162°, yellow needles, easily polymerised 

on heating. Its benzoUsulphone compound C.H, C H NH SO C H 

m.p. 223®, is formed by the action of benzol-sulpho-chloride upon 
anthranile (B, 46, 997). By repeatedly treating anthranoyl-anthranilic 
acid with nitro-benzoyl chloride, and then reducing, anhydrides of 
anthranilic acid are obtained, which have a polvpeptide character, e.g, 
NHJC4H4CO.NHC4H4CO.NHCCH4COOH, etc. (A. 351, 267). 

DisnthraBilide m.p. about 330°, colourless 

needles, is obtained from its monoacctyl compound, the product of 
the action of concentrated H2SO4 and glacial acetic acid upon dibenzol- 
sulphone-dianthranilide, on boiling with NaHO. It has the character 
of a weak dibasic acid, and yields a disodium salt, which, on methylation 
with dimethyl sulphate, passes into N, N-dlmethyl-dlanthranillde 



Boiling with concentrated alkali breaks up the dianthranilide into 
two molecules of anthranilic acid. 


Dlbenzol-fulphone- dianthranilide c.h/ co{So^Ch')n^^‘”*’ "" P' 

264®, is formed by heating benzol-sulpho-anthranilic chloride with 
pyridin. 

Carboxyl-anthranilic dimethyl ester and diethyl ester, isatoic dialkyl 
ester C4H4(NHCOOCH3)COOCH3, m.p. 61®, b.p.jg 166®, and m.p. 44®, 
b.p.io 174®, are obtained from phthalimide chloride, or bromide, 
C4H4(CO)2BrN, by the action of sodium alcoholates ; further action 
converts them into the acid isatoic esters : carboxy-methyl and earboxy- 
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ethyl-anthranllle acid C5H4(NHCO,C2H5)COOH, m.p. 181® and 126®, 
also obtained from anthranilic add with chloroformic esters, and from 
isatoic anhydride by heating with alcohols. Treatment with acetyl 

(CO.O 

chloride converts them into isatoic anhydride ^*^4 1 ^ P- 

233®-240®. It was first obtained by oxidising a glacial acetic add 
solution of indigo with chromic acid (H. Kolbe, 1885), and, later, from 
anthranile and anthranilic acid by the action of chloro-carbonic esters 
(B. 22 , 1672). Also by conducting phosgene into sodium-anthranilate 
solution. . 

It is very sparingly soluble in water. Digested with alkalies or 

alkaline earths, it forms unstable salts of the formula ^*1X4 

from which CO2 regenerates isatoic anhydride. With excess of alkali, 
salts of isatoic acid are first formed, and these, digested with alkalies, 
or, instantly, on adding acids and COg, are broken up into COg and 
anthranilic acid ; free isatoic acid can therefore not be obtained (B. 32 , 
2159 ; 33 , 21 ; /. pr. Ch. 2, 79 , 281). Ammonia, hydrazin, phenyl- 
hydrazin, and hydroxylamine change it into the corresponding amide 
derivatives of anthranilic acid (B. 19 , R. 65 ; 26 , R. 585). 

Isatoic anhydride forms an important intermediate product in the 
industrial preparation of anthranilic acid from phthalimide, sodium 
hypochlorite, and NaHO, and can be isolated if an excess of NaHO is 
avoided. The processes involved are represented by the following 
system of formuhe (/. pr. Ch. 2, 80 , i) : 


- H 


NH 


NaOH 


/ COONa ciONa 


p „ rco.o NaOH 

^•^*\N=CONa 


C.H,{ 


/COONa 

NHCOONa" 


-CO, 


[COONa 

r H * /C\ — NaCl 

• 

r COONa 




Kynuric acid, oxalyUanLhranihc acid, carhostyrilic acid COjH. 
C0NH[2]CeH4[i]C02H + H20, becomes anhydrous at 100°, and melts 
at 180° with decomposition. It is formed from the quinolin deriva- 
tives — kynurin {q.v.), kynurenic acid (q.v.), a-phenyl-quinolin (q.v.), 
carbostyrile {q.v.), aceto-tetrahydro-quinolin, and indoxylic acid {q.v .) — 
by oxidation. It is prepared synthetically by heating anthranilic acid 
with oxalic acid to 130® (B. 17 , 401 ; R. no). Its monoethyl ester CO2. 
C2H5C0.NH[2]C4H4[i]C 02H is formed in the oxidation of the ester of 
indoxylic acid (B. 15 , 778). It melts at 180®. 

Oxalyl-anthranilic acid nitrile, o-cyano-anilic acid COjH.CONH 
[2]C4H4 [i]CN, m.p. 126®. The mettayi ester, m.p. 139®, has been ob- 
tained by condensing o-amido-benzo-nitrile with oxalic ester. Dilute 
acids transpose the nitrile into the isomeric 4 -keto-dihydro-quinazolin- 
.CO.NH 

2 -carboxylic acid I (B. 42 , 3710)- 

\n=ccooh 

Dicyanamino - benzoyl C4H4 {[2]N=CXN (Anschutz) melts with 

decomposition. It results from cyanogen and o - amido - benzoic 
acid in aqueous solution (B. 11 , 1986). Ethoxy-cyanamino-benzoyl 

r[i]CO.N 

C4H4] II , melting at 173®, is formed from cyanogen and 
( [2]NH.C.0C|H4 
VOL. II. 
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anthranilic acid in alcoholic solution (B. 11, 1986). Ammonia changes 

( [i]CO.N 

it to o-benso-glyoo-cyamldln, bensoylene-guanidln c^nA || 

1[2]NH.C:NH, 

which CH3I, in strong alkaline solution, converts into a-o-benzo- 
r[r]CO 

creatinln c,H4 II (B. 18 , 977). 

[[2]N(CHa)— C:NH, 

Methyl-anthranUic acid CH3NH[2]C3H4[i]COOH, m,p. 182®, from 
anthranilic acid with soda and methyl iodide or dimethyl sulphate in 
methyl alcoholic, or aqueous, solution ; also from o-chloro-benzoic acid 
with methyl-amine and copper (C. 1903, II. 1099). Methyl ester CH3 
NHCeH4COOCH3, b.p.^, 129® (C. 1902, II. 1257). The acid is converted 
into indoxyl (and indigo) by heating with NH^Na, alkali, or amalgams 
of alkaline earth metals ; this conversion is even more direct in the 


case of the acyl-methyl-anthranilic acids : formyl-methyl-anthranilic 
acid CH0N(CH3)C4H4C00H, m.p. 169®, and formyl-ethyl-anthra- 
nilie acid, m.p. 119®, obtained from methyl- and ethyl-quinolinium salts 
by oxidation with permanganates (B. 36 , 1806 ; C. 1903, I. 745). 

Nitroso-methyl-anthranllic acid NO.N(CH3)C4H4COOH, m.p. 127®, 
from methyl-anthranilic acid with HNOg or oxidation of nitroso- 
methyl-o-toluidin with Mn04K (B. 84 , 1644). Hydrochloric acid 
transposes it into S-nitroso-methyl-anthranilic acid NO[5]C4H3[2] 
NHCH3 [i]COOH, which, on boiling with soda solution, splits off methyl- 
amine, and passes into 5-nitroso-salicylic acid (B. 42 , 2745). On fur- 
ther methylation, methyl-anthranilic acid passes into dimethyl-anthra- 
nllic acid (CH3)2N[2]CeH4[i]COOH, m.p. 70°, from which anthranilic 
betain, o-henzo-heta%n €4114^ m.p. 227®, is generated. The 


latter, on heating to 240®, transposes into dimethyl-anthranilic methyl 
ester, b.p.u 131® (B. 37 , 411 ; cp. m- and p-amido-benzoic acid, and 
anilido-acetic acid ; also Betain, Vol. I.). 

Ethyl-anthranlUc acid, m.p. 153®, see B. 89 , 3236. Dietbyl-an- 
thranilic acid, m.p. 121®, M. 25 , 487. 

Aryl-anthranilic acids are formed by heating o-chloro-benzoic acid 
with aromatic amines, in the presence of copper (A. 855 , 312). On 
heating alone, they split off COg, and pass into diphenyl-amines ; and 
on heating with concentrated SO4H ,, into acridone. Phenyl-anthranilic 
acid CeH5NHC4H4COOH, m.p. 181°, is also obtained by de-amidating 
amido-phpnyl-anthranilic acid. Diphenyl-anthranilic acid (C3H5)2 
NC4H4COOH, m.p. 208®, from phenyl-anthranilic acid, iodo-benzol, 
and copper. On heating, it decomposes into CO 2 and triphenvl-amine 
(B. 40 , 2448). Picryl-anthranilic acid (N03)3CeH2NHCeH4C00H, 
m.p. 272° (A. 867 , 118). Diphenyl-amine-o, 0'-, -0, m'- and 0, p'-dicarb- 
oxylic acid CO2HC3H4NHC3H4CO2H, m.p. 295®, 296®, and 290® with 
decomposition, from o-chloro-benzoic acid with o-, m-, and p-amido- 
benzoic acid (A. 355 , 352). Sym. diphenyl-p-phenylene-dlamine-o, o'* 
dicarboxylic acid C02H[i]C3H4[2]NH[i]CeH4[4]NH[2]CeH4[i]C02H, 
m.p. 288® with decomposition, from p-dibromo-benzol, anthranilic acid, 
and copper (C. 1906, II. 932). 

Formaldehyde condenses with anthranilic acid in various molecular 
ratios, according to the conditions. 

Methyleno-dianthranllic acid, formaldehyde^dianthranilic acid CH, 
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(NH[2]CeH4COOH)2, m.p. 158® with decomposition, from 2 molecules 
anthranilic acid and i molecule formaldehyde solution, is transposed by 
methyl-alcoholic HCl into P 2 -diamido-diphenyl-metbanerdicarboxylic 
acid CH2[C2H8(NH2)C00H]2 ; by acetylation with acetic anhydride 
and sodium acetate, we obtain methylene-diaceto-anthranllic acid CH2 
[N(C 0 CH 3 )C 2 H 4 C 00 H] 2 . Potassium cyanide splits up formaldehyde- 
dianthranilic acid into anthranilic acid and anthranilido-aceto-nitrile 
(A. 324 , 118). By the condensation of equimolecular quantities of for- 
maldehyde and anthranilic acid, and its N-mono-substitution products 
(CO2HC4H4NHR), we obtain compounds insoluble in alkalies, the so- 
called formalidcs, which may be used for characterising, and isolating, 
substituted anthranilic acids, since they are easily dissolved into their 
components on heating with acids or alkalies. Anthranilic formalide 

m.p. i 45 °-i 48 ° with decomposition ; phenyl-anthranilic 

formalide 

By treating with KCN or alkaline bisulphite, the formalides 
are split up, with formation of salts of ci>-cyano-methyl-anthranilic 

acids ^ ■ sulpho - methyl - anthranilic acids 

With excess of formaldehyde, anthranilic acid 

combines, on heating, to form anthranilic diformalide ; it forms a 
heavy yellow oil insoluble in alkali, combining with i molecule KCN 

to a mononitrile ^<^4^ with 2 molecules 

KCN to anthranllido-dlaceto-nltrile c,h.<(N^c^iCN), p i58o_i7io 

with decomposition (B. 42, 3534 ; C. 1910, 1. 309). Methylene-anthra- 
nillc acid CO2HC4H4N : CHj, m.p. about 210® (B. 41, 1565). 

Anthranilido-acetic acid, phenyl-glycin-o-carhoxyhc acid COOH[2] 
C4H4NHCH2COOH, m.p. 215® with decomposition, has acquired great 
technical importance on account of its transformation into indoxyl 
and indigo. It is formed : (i) from chloracetic acid and anthra- 
nilic acid, in neutral solution ; with excess of chloracetic acid we obtain 
anthranilido-diacetic acid COOHC4H4N(CH2COOH)2, m.p. 212® with 
decomposition (B. 83 , 3182) ; (2) from anthranilic acid on heating 
with multivalent alcohols, like glycerine, mannite, etc. (C. 1900, II. 
549) ; (3) by saponification of anthranilido-aceto-nitrile COOH[2]C4H4 
NHCH2CN, m.p. 181® with decomposition, which is obtained from 
anthranilic acid, formaldehyde, and KCN, or by splitting up formalde- 
hyde-dianthranilic acid, or anthranilic formalide with KCN (A. 324 , 
118 ; /. pY, Ch, 2, 63 , 392 ; B. 39 , 989) ; (4) from o-chloro-benzoic 
acid, by heating with glycocoll in the presence of alkaline carbonate 
and copper (C. 1903, II. 81, 610). On heating with caustic alkalies, or 
acetic anhydride and sodium acetate, the acid passes into indoxyl and 
its derivatives, which are easily converted into indigo : 




NHCH,CO,H 

COOH 




The esters : dimethyl ester, m.p. 97° ; diethyl ester, m.p. 75°, are 
condensed by means of sodium ethylate to indoxylic acid esters. The 
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condensation of anthranilido-acelic acid, and its esters, is facilitated by 
introducing acyl, or alkyl, groups into N-position. 

Acetanthranilido-aoetic acid COOHCeH4N(COCH3)CH2COOH, m.p. 
214'' with decomposition ; diethyl ester, m.p. 64''. Hethyl-anthnudlido- 
acetio acid COOHC4H4N(CH3)CH3COOH, m.p. 189° with decomposi- 
tion (B. 35 , 1683 ; C. 1903, I. 305). Phenyl-anthranilido-acetic acid 
COOHCeH4N(CeH3)CH3COOH, m.p. 166®; its nitrile is formed from 
phenyl-anthranilic formalide with KCN (C. 1910, 1 . 309). 

p-Sulpho-anthranilic acid SOsH[4]NH2[2]C4H3COOH is formed 
from o-nitro-toluol-sulphonic acid with NaHO, in a manner analogous 
to the formation of anthranilic acid from o-nitro-toluol (C. 1903, 1 . 371). 

3 , 5 -Dihromo-anthraniiic acid from o-nitro-toluol with bromine (M. 
28 , 987). Of the six possible isomeric dichloro-anthranilic acids, five arc 
known( B. 42 , 3533 ; C. 1910, 1 . 310). Tetrachloro-anthranilic acid CI4C4 
[2]NH3[i]C 02H, m.p. 182®, from tetrachloro-phthalic anhydride (B. 42 , 
3549). ^Nitro-anthranilic acid N03[5]NH3[2]C4H3C02H, m.p. 269®, is 
obtained from its aceto-compound, m.p. 221®, which results from the 
oxidation of nitro-aceto-toluide with {Mn04)Ca (B. 36 , 1801) ; besides 
the isomeric acid N02[4]NH3[2]C4H3C02H, it is formed from 4-nitro- 
phthalimide with KOBr (C. 1902, II. 359). In the same way, 3- and 
6-nitro-anthranilic acids, m.p. 203° and 180® with decomposition, are 
formed from 3-nitro-phthalimide with KOBr. Dinitro-anthranilic 
acid (NOgjab, 5]NH2[2]C4H2C00H, m.p. 265®, from dinitro-chloro- 
benzoic acid with NH3 (C. 1901, II. 545). 

Hetero-ring Formations of Anthranilic Acid and its Derivatives . — 
It is evident from the formation of acidyl anthraniles, isatoic anhydride, 
indoxyl, and other substances mentioned above, that anthranilic acid 
and its derivatives are very prone to the formation of heterocyclic 
ring systems, and ortho-condensation.'* (Compare o-amido-benzyl 
alcohol, o-amido-benzaldehyde, and o-amido-aceto-phenone.) 

Acetyl-anthranilic acid and phenol condense, on heating, to acri- 
done, which also results in digesting phenyl-anthranilic acid with con- 
centrated sulphuric acid (B. 25 , 2740). Anthranilic acid condenses 
with aceto-phenone and accto-acetic ester to quinolin derivatives 
(B. 27 , 1396) : 


C.H, 


{ 


[1] CO,H 

[2] NHC,H* 


— H,o 




r [ilcOOH CH. CO.C.H. -C.H.O 
• *\[2]NH, ■^CO.CH, -11,0 


r H /C(OH) =C.CO,H 


Acridone 

y-Oxy quinaldin- 
^-carboxylic 
acid 


. „ /[i]COOH CH3 — -H.( 



a-Phenyl-y-oxy* 

quinolin. 


0- Benzoylene- itea is formed on heating anthranilic acid and anthra- 
nil-amide with urea. It also results upon heating carboxethyl-o- 
amido-benzamide (B. 2 , 416 ; 22 , R. 196), as well as by the action of 
mineral acids upon uramido-benzoic acid (B. 27 , 976). Keto-dihydro- 
quinazolins are produced on heating formyl-, acetyl-, and benzoyl-o- 
amido-benzamide. The jS-methyl compound is formed in the action 
of acetamide upon anthranilic acid, and ammonia upon ethyl-acet- 
amido-benzoic ester (B. 20 , R. 630 ; 22 , R. 196 ; 27 , R. 516 ; C. 1903, 
I. 174, 1270). a-Phenyl-^-keto-dihydro-quinazolin results from heat- 
ing anthranilicracid ester with benzimido-ethyl ester (C. 1906, II. 1124), 
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The condensation products of o-amido-benzoic acid and cyanogen gas 
have been described and formulated : 

r^r[i]COOH ^H.O 

* *\[2]NH.C0.NH| 1 r H — NH o-Benzoylene-urea 

r M /[i]CONH, -C.H.0 I * WNH— Co Diketo-tetrahydro-quinazolin 

\ [2]NH.COOCgH, 

r- XT rtilCO.NH, — H.0 rCO.NH t T, . J U ^ V 

^•”‘{[2]NH.CH0 ' " <5-Keto-dihydro-quma2ohn 

pu NH\p p „ — 2 C,H,Op „ r CO.N a- Phenyl- /5-keto- 

•^*1.[2]NH, ‘ \NH.CC,H, dihydro-qumazolin. 


Nitrous acid converts anthranil-amide directly into benzazimide, 
whereas the o-diazo-benzoic ester first resulting from anthranilic ester 
must be treated with ammonia to effect this change. Similarly, an- 
thranilic thio-amide gives rise to thio-benzazimide (B. 42 , 3719). 

o-Diazo-amido-benzol-carboxylic ester, m.p. 76°, on boiling with 
alcohol, gives a-phenyl-pheno-^-triazone or benzazanile (B. 21 , 1538, 
R. 571 ; J. pr. Ch. 2, 64 , 70) : 


PTJ /[i]CONH, NOOH 

^•*^*\[2]NH,.HC1 

p „ /[iJCOOCjHg 
• *\[2]N:N.NHC,H, 


rco— NH ^ 

C,H4^N Benzazinude 


m- and p-Amido-benzoic acid melt at 173® and 186° respectively. 
Their aceto-compounds, melting at 250° and 256®, result when m- and 
p-aceto-toluide are oxidised by permanganates (B. 36 , 1801) ; p^amino- 
benzo-nitrile, m.p. 86° (see C. 1903, II. 113). m-Amino-benzo-nitrile, 
ni.p. 53° (see C. 1904, II. 100). m- and p-Methyl-amido-benzoic acid 
CH3NHC^H4C02H, m.p. 127° and 161®, are produced by methylating 
the amido-acids with ^methyl sulphate (B. 43 , 210 ; 42 , 3744). The 
p-methyl-amido-benzoic acid is obtained, by nuclear s} nthesis, from 
the magnesium-iodide compound of methyl-aniline CgH5N(CH3)MgI, 
by the action of COg and transposition of the first product, a carbamtn- 
ate C3H5N(CH3)COOMgI, by heating, in a process akin to the synthesis 
of salicylic acid. From N-methyl- and ethyl-o-toluidin, in a similar 
manner, p-methyl-amido- and p-ethyl-amidb-m-methyl-benzoic acids 
are generated, melting at 201® and 170® respectively. Dimethyl- 
aniline and diethyl-aniline react similarly with CH3MgI and CO2, 
forming p-dimethyl- and p-diethyl-amido-benzoic acid, m.p. 236° and 
193® (B. 42,4488,4815). 

By methylation with ICH3 and KOH, m- and p-amido-benzoic 
acids, like anthranilic acid, yield compounds resembling betain 

which, on heating, isomerise to m- and p-dimethyl- 

amido-benzoic ester (B. 37 , 414). p-Amido-benzoic-diethyl-amino- 
ethyl ester NH2[4]C3H4[i]C00CH,CH2N(C2H3)2+2H20, m.p. 51®, 
melting at 61° when anhydrous, results from the interaction of 
p - nitro-benzoyl chloride and ethylene chloro-hydrin, followed by 
reduction and transformation with diethyl-amine. Its monochloro- 
hydrate, m.p. 156®, is used as a local anaesthetic under the name of 
Novocain (A. 371 , 125). 

Chrysanlslo aold, 8, 5-dlnltro-4-ainido-benzoio acid (NOsjsiNHJ. 
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CjHjCOjH, melting at 259®, consists of golden-yellow flakes, and is 
produced when 3, 5-dimtro-4-methoxy-benzoic acid is heated with 
aqueous ammonia. 

Diamido-benzoic acids (NHjljC^HgCOjH are prepared by reducing 
the dinitro- and the nitro-amido-benzoic acids. 2 , drDiamido-benzoic 
acid (NH2)2[2, 4]CgH3COOH is obtained from its diaceto-compound 
(B. S 6 , 1803). The acids break down in dry distillation into carbon 
dioxide and phenylene-diamines. Like the o-phenylene-diamines, the 
diamido-benzoic acids, containing two amido-groups in the ortho- 
position with reference to each other, readily yield heterocyclic deriva- 
tives — e.g. nitrous acid converts 3, 4-diamido-benzoic acid into 3, 4- 
azimido-henzoic acid (B, 15 , 1880). The m, p- and the p, m-amido-ur- 
amido-benzoic acids yield two different uramido-azimido-benzoic acids, 
which afford the same azimido-benzoic acid by saponification (B. 29 , 
R. 586). The 2, 3-diamido-benzoic acid forms characteristic com- 
poimds, with many varieties of sugar. 

3, 4, S-Triamido-benzoic acid (NH2)s.C3H2.C02H, from chrysanisic 
acid by reduction, breaks down, when heated, into CO2 and i, 2, 3-tri- 
amido-benzol (A. 163, 12). 2 , 3, 5-Triamido-benzoic acid (B. 15, 2199), 
from dinitro-anthranUic acid (C. 1902, II. 1293). 

Many amido-acids, derived from alkyl-benzoic acids, are known ; 
also haloid amido-acids, nitro-amido-acids, etc. 

Amido-phenyl-fatty acids are obtained from the nitro-phenyl-fatty 
acids. Certain o-amido-phenyl-fatty acids are particularly note- 
worthy because of their tendency to form inner anhydrides : y- or 8- 
lactanies (I. 359), which is so great that the corresponding free o-amido- 
acids are not capable of existing — e.g, o-amido-phenyl-acetic acid and 
o-amido-phenyl-hydro-cinnamic acid. 

m- and p-Amido’-phenyl-acelic acids melt at 149® and 200®. 
f«- and p-Amido-hydro-cinnamic acids ,, 84® ,, 131®. 

Amido-ynitro-hydrO'Cinnamic acid, from p-acetamido-hydro- 
cinnamic acid, melts at 145®. 

p~ Ami do-hy dr atropic acid, melting at 128®. 

7 - and S-Lactames of the o-Amido-phenyl-fatty Acids. — Oxindol, 

the lactame of o-amido-phenytrocetic acid, melting at 

120°, is obtained by the reduction of o-nitro-phenyl-acetic acid with 
tin and hydrochloric acid, and from dioxindol with sodium amalgam. 
If heated to 150® vdih baryta water it is converted into the 
barium salt of o-amido-phenyl-acetic acid, from which oxindol is 
separated by acids (B. 16 , 1704). Nitrous acid converts it into isat- 
oxime (q.v.). 

Oxindol boiled with acetic anhydride yields aceto-oxindol, 
, melting at 126®. It dissolves to aceto-o-amido- 

phenyl-acetic acl^ CH3.CO.NH.CeH4.CH2.CO2H, melting at 142®. 
Heated with alkalies or acids it breaks down into oxindol and acetic acid. 

p-Amldo-oxindol NHj.CgHeNO, melting about 200®, is formed by 
the reduction of 2, 4-dinitro-phenyl-acetic acid with tin and hydro- 
chloric acid. If ammonium sulphide be used as the reducing agent, 
the product will be 4-amido~2-nitro-‘PhenyUacetic acid, melting at 185 ® 
^B. 14 , 824) ; compare o-nitro-pheiiyl-iso-nitroso-acetic acid. 
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Atroxindol, lactame of o-amido-hydratropic acid, 
melts at 119®. 

Hydrocarbo-styrlle, lactame of amido-hydro-cinnamic aciS, melting at 
163°, is formed by the reduction of o-nitro-hydro-cinnamic acid with tin 
and hydrochloric acid (Glaser and Buchanan, 1869) (B. 15 , 2103) ; by 
heating hydrocarbo-st5nile-carboxylic acid, resulting from the reduction 
of o-nitro-benzyl-malonic acid (B. 29 , 667) ; and from hydrindone 
oxime by Beckmann's transposition (B. 29 , 667). 

Hydrocarbo-styrile has the same relation to quinolin that oxindol 
bears to indol : 


Hydrocarbo-styrile Quinolin. 


p-Amido-hydrocarbo-styrile NHgCgH.NO, m.p. 211®, is formed, 
together with 4-amido-2-nitro-hydro-cinnamic acid, melting at 139®, 
from 2, 4-dinitro-hydro-cinnamic acid. 

7. Diazo-benzoic Acids are produced from the mineral acid salts of 
the amido-benzoic acids with nitrous acid, just as the ordinary diazo- 
bodies are obtained from the aniline salts. Nitrous acid converts the 
amide of o-amido-benzoic acid into benzazimide. The free diazo- 
benzoic acids are very unstable. The dlazide of anthranilic acid 

CeH4/W^^\o consists of white, glistening needles. It is obtained 

when the chloride is acted upon with silver oxide (B. 29 , 1535). 

8. Diazo-amido-benzoie Acids are formed when nitrous acid is 
conducted into the alcoholic solution of the amido-benzoic acids. 
Diazo-m-amido-benzoic acid C02H[i]CeH4[3]N =N — NH[3']CgH4[i'] 
COgH is an orange-red powder. Hydrofluoric acid converts it into 
m-fluoro-benzoic acid. 


9. Diazo * imido - benzoic 


Acids 



result 


when 


ammonia acts upon the perbromides of diazo-benzoic acids, or when 
hydrazin-benzoic acids are treated with nitrous acid. The o-body 
melts at about 70° ; the meta- at 160® ; and the p-compound at 185® 
(B. 9 , 1658). 

/N.CgHgCOgH 

10. Azoxy-benzoic Acids 0< | are formed in the reduction 

^N.C.HgCOgH 

of the nitro-benzoic acids with alcoholic potash. The o-derivative is 
also produced when n-oxy-indol-carboxylic acid (g.v.) is oxidised with 
alkaline potassium permanganate (B. 17 , 1904 ; 24 , R. 666 ; 29 , 656). 

N.CgHg.COgH 

11. Azo-benzoic Acids I These result from the action 

N.C,Hg COgH 

of sodium amalgam upon the nitro-benzoic acids ; or from the action 
of zinc dust and NaHO in alcoholic solution upon the same ; or from 
the action of highly concentrated NaHO upon nitro-benzcddehydes 
(B. 84 , 4132 ; C. 1904, 1 . 722). 0-, m-, and p-Azo-benzoic acid decom- 
pose on melting. By the distillation of the calcium salts, azo-phenylene, 
or phenazin, is formed. 

Azo-benzol-o-monocarboxyiic acid CeH5N2[i]C4H4[2]COOH. m.p. 
92®, and its homologues, result from the condensation of o-nitro- 
benzoic acid with primary anilines (C. 1909, I. 69). PCl^ converts 
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them into y-oxy-^-phenyl-indazols (q.v,) (C. 1907, I. 469). Azo-bensol- 
m-monocarboxylic aeid, m.p. 171''. Azo-benzol-p-monocarboxylle aeld 

CeH5NjCeH4[4]COOH, m.p. 238®, is obtained from p-amido-azo-benzol, 
by way of the cyanide, and from benzol-azo-p-toluol by oxidation with 
chromic acid (A. 303 , 385). 

o-Tolyl-azo-benzoio acid CH3[2]CeH4N : NCeH4[2]COOH, m.p. 148®, 
from o-nitro-toluol by the action of finely divided metals and alkaline 
hydrate (C. 1903, II. 973). m- and p-Benzaldehyde-azo-m- and 
-p-benzo!c acid CHOC4H4N2C4H4COOH is formed from m- and p-azoxy- 
benzaldehyde by transposition with concentrated H2SO4 (B. 36 , 
3469. 3801). 

12. Hydrazin-benzoic Acids. — The symmetrical hydrazo-benzoic 
acids result when the azo-benzoic acids are reduced with sodium 
amalgam, or with ferrous sulphate and sodium hydroxide. o-Hydrazo- 
benzoic acid melts at 205°. m-Hydrazo-benzoic acid C02H[3]CflH4 
[i]NH.NH[i']C 6H4[3']C02H. These two acids, when boiled with 
hydrochloric acid, rearrange themselves to diamido-diphenyl-dicar- 
boxylic acids (q.v.). The rearrangement of the m-acid into p-diamido- 
diphenic acid is of importance for the proof of the constitution of 
diphenic acid {q.v.), and consequently that of phenanthrene. 
p-Hydrazo-benzol-carboxylic acid CeH5NHNHCeH4[4]COOH, m.p. 193°, 
on transpos tion gives benzidin, with liberation of CO2 (A. 303 , 384). 

0-, m- and p-Hydrazin-benzoic acids NH2.NH.CeH4.CO2H result 
when the hydrochlorides or nitrates of diazo-benzoic acids are reduced. 

o-Cyano-pbenyl-hydrazin NH2NH[2]C6H4CN, m.p. 153°, from 
o-diazo-benzo-nitrile by reduction, seems also to be formed by the 

reduction of the pheno-^-triazone oxime CeH**! (B, 35^ 805). 

0-, m-, p-Benzoic - thionyl - hydrazone SO : NNHCeH4COOH, m.p. 
231°, 258° (B. 27 , 2555). Benzylidene-o-hydrazin-benzoic acid 

CeHeCH : NNH.CeH^COOH, m.p. 224®, is reduced by sodium amalgam 
to o-benzyl-hydrazin-benzoic acid ^ 

134° with decomposition On heating alone, or, better, \\’ith POCI3 in 
an open vessel, o-hydrazin-benzoic acid yields an inner anhydride, 

o-hydrazin-benzoic lactazame m.p. 242® with decom- 


position ; while, on heating with POCI3 under pressure, cblorindazol 
(CCl^ 

I ;nh is formed (B. 35 , 2315). 

[ N / 

13. Phosphine -benzoic Acids. — Tritnethylrphospho-p-benzo-betatn 

is obtained from p-tolyl-trimethyl-phosphonium 

chloride by oxidation with alkaline permanganate ; similarly, the 
trimethyl - phospho - tolu - betain is formed from trimethyl - xylyl - 
phosphonium chloride (B. 31 , 2919). 

14. Snlpho-benzoic Acids. — On conducting the vapours of SO3 into 
benzoic acid, we obtain as chief product ntrsulpho-benzoic acid, and in 
smaller amount acid (A. 178 , 279). 

The three isomerides can be obtained by oxidising the three toluol- 
sulphonic acids with an alkaline solution of potassium permanganate. 

If the toluol sulphamides, instead of the free acids, be subjected to 
similar oxidation, the m- and p-toluol sulphamides yield m- and p- sulph- 
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amine-benzoic acids ; whereas the o-toluol sulphamide changes to 
benzoic sulphinide, or anhydro-sulphamine-benzoic acid, called 
saccharin (B. 12 , 469), from which, by saponification with HCl, the 
o-sulpho-benzoic acid is obtained (B. 83 , 3485). o- and p-sulpho- 
benzoic acid are formed together on boiling potassium-m-nitro-benzol 
sulphonate with an aqueous solution of KI ; as in the formation of 
chloro-benzoic acids from halogen nitro-benzols with KCN, the entering 
cyanogen group does not take the place of the expelled nitro-group 
(C. 1905, II. 230). 

o-Sulpho-benzoic acid S03H[2]C^H4C0*H+3H20, m.p. 141° (anhy- 
drous) behaves somewhat like phthalic acid (q.v,). It forms, for 
instance, phthaleins (q.v.) (C. 1898, II. 717, 1105), an anhydride, and 
an imide. By the action of PCI5 two dichlorides are obtained, m.p. 
40® and 79®, the more stable one with the higher melting-point being 

probably represented by the formula and the other 

by the formula ;0. On boiling with alcohols they 

yield ester-sulphonic acids SO3HC3H4COOR ; with sodium ethylate, 
o-sulpho-benzoic-diethyl ester, b.p.22 212° ; with ammonia, the sym. 
chloride (m.p. 79°) gives benzoyl sulphinide, while the unsym. 
unstable chloride gives chiefly o-cyano-benzol-sulphonic acid CN[i] 
C0H4[2]SO3H, m.p. 279° (chloride, m.p. 67*5°), which has also been 
obtained from o-anilinc-sulphonic acid by way of the diazo-compound 
(B. 28 , R. 751). With aniline the chlorides form o-sulpho-benzoic 

anile \nc.h., m.p. 190°, sym. dlanllide C,H4(CONHC,H,) 

SOjNHCjHg, m.p. 195°, and unsym. dlanllide 

m.p. 270°-28 o® with decomposition ; while, with POCI3, the two last give 
the dianile /NC^h,, m.p. 189®. 

On reduction the unstable chloride gives sulpho-benzide, and the 
stable chloride gives thio-salicylic acid SH.CeH4COOH. Condensation 
with benzene and AI2CI0 gives mainly the sym. product C^HjCOC* 
H4S02CeH5. The tmsym. tnphenyl-methane derivative is also obtained, 

(CflHg) 2^.001145026 (B. 31 , 1648 ; C. 1906, II. 329). p-Nitro- and 
p-bromo-o-sulpho-benzoic acids, with PCI3, also give two isomeric 
dichlorides each, which are transformed in a similar manner (C. 1904, 
I. 274, 369). 

o-Sulpho-benaoic anhydride, m.p. 118®, from the acid with acetyl 
chloride. With benzene and A 1 chloride it yields benzo-phenone-o- 
sulphonic acid C0H5CO.C0H4SO8H (B. 33 , 3486) ; the isomeric phenyl- 
sulphone-o-benzoic acid C0H3.SO8.C0H4COOH, m.p. 268®, is formed 
from phenyl-o-tolyl sulphone by oxidation (C. 1901, I. 692). 

o-Sulpho-chloride-benzoic methyl ester S02Cl.CeH4C00CH8, m.p. 
65°, from o-benzo-sulphinic-acid ester SO2H.C0H4COOCH8, m.p. 99®, 
treated with chlorine. This ester is prepared from anthranilic acid 
ester by diazotating, and replacing the diazo-group by the sulphinic 
residue (C. 1901, II. 961). 

0 - Sulphamldo - benzoic acid NH2S02[2]CeH4[i]C00H melts at 
I53®-I55®, with transition into the sulphinide. Methyl and ethyl 
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ester, m.p, 119® and 84® respectively (C. 1899, I. 1093). The acid is 
formed by the oxidation of o-toluol-sulphamide with red prussiate of 
potash (B. 19 , R. 689), and from its inner anhydride with warm alkaline 
hydrate. On fusing sulpho-benzoic acid with ammonium sulpho- 
cyanide the isomeric o-benzamido-sulphonic acid is formed, CeH4 
(C0 NHj)S 05H, m.p. 194®, which, with potassium h5rpobromite, yields 
o-sulphanilic acid (B. 29 , R. 102). 

0 - Anhydro - sulphamine - benzole acid, benzoic sulphinide 
NH, called saccharin, melts at 220®. It was discovered 

in 1879 by Ira Remsen and C. Fahlberg. Its preparation is given 
above. This compound is now made technicaUy in very large quanti- 
ties. It is used for sweetening purposes. It is 500 times sweeter than 
cane sugar. It dissolves vith difficulty in cold water, and, like succin- 
imide and phthalimide, behaves like a strong acid, forming imide salts. 

The sodium salt ^NNa is very readily soluble in water, and 

is 400 times sweeter than cane sugar. It is readily transposed by such 
haloid derivatives as benzyl chloride and acetyl chloride to N-deriva- 
tives of saccharin (B. 25 , 1737 ; 29 , 1048). 

o-Sulpho-bcnzoic anile c, Mlo •^N.CgH,, melting at 190®, results 

from the action of aniline upon the chlorides of sulpho-benzoic acid 
(B. 29 , R. 353). Phosphorus pentachloride converts saccharin into 

psendo-saccharin chloride melting at 149® (B. 29 , 2995). 

At 70®-75® o-cyano-benzol-sulpho>chloride is formed (B. 29 , 2295; 
C. 1906, I. 1609). With phenols and amido-phenols saccharin con- 
denses to dyes of the phthalein type, called sacchareins (C. 1897, II. 847 ; 
1899, I. 718). 

All sulpho-acids containing the sulpho-group in the o-position with 
reference to the carboxyl group of an alkyl-benzoic acid are capable 
of forming sulphinides or sulpho-carbonimides (B. 25 , 1737). 

On esters and ester acids from o- and p-sulpho-benzoic acid, see 
M. 23 , 1093. 

3, 5-Disalpho-benzoic acid is formed by heating benzoic acid with 
fuming sulphuric acid contaimng 70 per cent. SOj to 250® in a pressure 
tube (B. 35 , 2305). 2 , 4-Disttlpho-benzolc acid, from 2, 4-toluol- 
disulphonic acid (B. 14 , 1205). 

Diphenyl-solphone-o-monocarboxylic acid C8H5S02[2]CeH4[i]C00H, 
m.p. 144®, is formed by oxidation of phenyl-o-tolyl-sulphone and 
phenyl-thio-salicylic acid with KMn04, or by heating the potassium 
salts of o-chloro-benzoic acid and benzol-sulphinic acid in aqueous or 
amyl-alcoholic solution, in the presence of copper. On heating with 
concentrated H2SO4 the acid passes into bcnzo-phenone-solphone 

C.h.<®q*)>C,H4 (B. 88 , 729 ; C. 1905. 1 . 1394). 

( d ) Monohydric Oxy-phenyl-paraffin Alcohols and their 
Oxidation Products. 

t. Monohydrie Oxy-phenyl-paraffln Alcohols, or Phenol Alcohols. 

— ^These alcohols contain, in addition to the alcoholic hydroxyl, other 
hydroxyl groups joined to the benzene nucleus, which impart to them 
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the character of phenols. Some of the alcohols of this group are 
simple transposition products of long-known plant-substances. Special 
interest attaches to a number of mono- and dioxy-phenyl-ethyl-amines 
on account of their strong physiological action, and their occurrence 
in animals and plants ; cp. p-oxy-phenyl-ethyl-amine and hordenin. 

Formation, — Some of the methods described under the benzyl 
alcohols also lead to phenol alcohols : 

(1) The reduction of corresponding aldehydes and ketones. 

(2) The treatment of aldehydes with caustic alkali. 

(3) The action of sodium amalgam upon amides (B. 24 , 175). 

(4) They are linked to the benzyl alcohols through the amido- 
phenyl-paraffin alcohols, which nitrous acid converts into oxy-phenyl- 
paraffin alcohols. 

(5) Nuclear Synthesis. — Methylene chlorides (B. 13 , 435) or form- 
aldehyde and sodium hydroxide (B. 27 , 2411 ; 35 , 3844; 40 , 2524; 
J. pr, Ch. 2, 50 , 225) change phenols into phenyl alcohols. Phenols 
with so-called negative substituents (NOg, Cl, CHO, COOH) con- 
dense with formaldehyde and HCl to oxy-benzyl chlorides, in which the 
chlorine atom is very easily replaced by OH or OR (B. 34 , 2455 ; C. 
1902, 11. 894) ; (6) by the action of alkyl-magnesium haloids upon 
phenol-carboxylic ester. Closely related to formation {5) of the phenyl 
alcohols is the nuclear-synthetic formation of acylated oxy-benzyl- 
amines by the condensation of phenols with N-methylol-acyl-amides 
RCONHCHjOH (A. 343 , 215). 

Monoxy-benzyl Alcohols H0CeH4.CH20H. — The three theoretically 
possible isomerides have been prepared. They result when the corre- 
sponding aldehydes are reduced with sodium amalgam. Saligenin, or 
o-oxy-benzyl alcohol, is the best-known member of the group : 

o-Oxy-benzyl alcohol . . . m.p. 82° 

m-Oxy-benzyl alcohol . . . „ 67° 

p-Oxy-benzyl alcohol . . „ 110°. 

Saligenin, or o-oxy-henzyl alcohol, was first obtained in the decom- 
position of the glucoside salicin (q.v.) by means of emulsin, ptyalin, or 
dilute acids (Piria, 1845 ; A. 56 , 37) : 

CeHiA.0.C«H4.CH20H+H20 = HO.CeH4CH20H+CeHioOe. 

Saligenin has also been prepared by the usual methods, from salicyF 
ald^yde, salicyUamide, o-amido~benzyl alcohol, and phenol. It is 
soluble in hot water, alcohol, and ether. Ferric chloride produces 
a deep-blue colour in its solutions. Acids resinify it, forming salinetin 
{prjrlvrj, resin). Ethers and substitution products of saligenin are 
known. These have been made in part from the corresponding 
salicyl derivatives. 

o-Oxy-benzyl-amlne, salicyUamine, melts at 121° (B. 23 , 27 -4). 
o-Oxy-benzyl-aniline, m.p. 108°, is also obtained by combining anhydro- 
formaldehyde-aniline with phenol (C. 1900, II. 457 ; A. 316 , 138). The 
0-acetyl compounds of o-oxy-benzyl-amines and -anilines are unstable, 
and transpose spontaneously into the isomeric N-acetyl compounds 
(A. 832 , 159). Steric resistances are encountered in the acetylation 
of substituted o-oxy-benzyl-anilines (B. 82 , 2057). 
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Anisyl alcohol, p-methoxy-henzyl alcohol CH30[4]CeH4[i].CH2.0H, 
is obtained from anisic aldehyde by alcoholic potassium hydroxide. 
It melts at 45°, and boils at 259®. It forms anisic aldehyde when 
oxidised. 

p-Homo-saligenin CHs[5]CeH8[2](OH)CHj.OH melts at 105®, from 
p-cresol by method 5 (B. 42 , 2539). 

p-Thymotin alcohol CH8[2]C3H,[5]C8H8[4]0H[i]CH80H, m.p. 120® 
(B. 27 , 2412). 

o-Oxy-phenyl-ethyl alcohol H0[2]CeH4[i]CH8CH80H, b.p. 169®, is 
, I [i]CH : CH 

formed by the splitting up of cumarone C,H4{ | {q,v,) with 

l[2]0 

alcoholic potash, besides oxy-phenyl-acetic acid; the bromide of the 
alcohol, on treatment with NaHO, gives the cyclic phenol-alcohol ether, 

the so-called hydro-cumarone C^uA I , m.p. 188®, also formed 

l[2]0 

from cumarone by reduction with Na and alcohol, and from bromo- 
methyl-o-bromo-phenyl ether BrC8H40CH2.CH2Br by condensation 
v^ith sodium. o-Oxy-phenyl-ethyl-amine HO[2]C4H4[i]CH2CH2NH2, 
with a chlorohydrate of m.p. 153®, is formed from the hydrazide of 
melilotic acid by disintegration. The quaternary iodo-methylate of 
the base, obtainable by the action of ICH3, melts at 218°. On heating 
with NaHO it splits off trimethyl-amine and yields hydro-cumarone 
(B. 88, 2067). p-Oxy-phenyl-ethyl-amine HO[4 ]CqH4[i]CH2CH2 Hj, 
m.p. 162®, increases the blood-pressure, like the closely related adrena- 
lin (j.t’.). It is formed from t5nrosin (?.v.), an important product of 
the decomposition of albumin, by further decomposition, or by heating 
with rejection of CO2. Synthetically, the p-oxy-phenyl-ethyl -amine 
is obtained by reduction of oxy-benzyl cyanide, or from the anisylidene- 
nitro-methane CH30[4]C4H4[i]CH : CHNOj by reduction and saponifi- 
cation ^^^th HI (B. 42 , 4778). By methylation of p-methoxy-phenyl- 
ethyl-amine and saponification of the methoxyl group with HI, we 
obtain p-oxy-phenyl-dimethyl-ethyl-amine, hordenin HO[4]CeH4[i]CH2 
CH2N(CH3)3, m.p. 1 17®, an alkaloid forming the effective ingredient of 
barley seeds (B. 43 , 306). 

p-Oxy-phenyl-iso-propyl-amine HOCeH4CH j.CH (NH 2)CH8, m.p. 
126®, by reduction of p-oxy-phenyl-acetoxime (B. 48 , 192). 

o-Oxy-phenyl-ethyl-carbinol HO[2]CeH4CH(OH)C2H5, b.p.Q.js 125®- 
130®, by reduction of o-oxy-phenyl-ethyl ketone, and synthetically 
from tetra-acetyl-helicin with zinc ethyl (C. 1902, II. 214 ; B. 86, 
2575 )- 

o-Ozy-phenjrl-diethyl-earbinol HO[2]C,H4C(OH)(C,H,),, m.p. 57*, 
from salicylic ester, with C,H,MgI. It easily splits off water, and 
passes into oleiin-phenol (C. 1903, I. 1222). 

o-Chloro-p-oxy-benzyl alcohol and p-chloro-o-oxy-benzyl alcohol 
ClC,H,(OH)CH,OH ; also o-nltro-p-oxy- and p-nltro-o-oxy-benzyl 
alcohol, are produced in the form of their easily saponified haloid esters 
(see Pseudo-phenol haloids) from chloro- and nitro-phenols with form- 
aldehyde and halogen hydride. The p-amldo-saUgenln NH,[4]C,H, 
[2 ]OH[i]CH,OH, formed by reduction of p-nitro-o-oxy-benzyl alcohol, 
is used as a photographic developer, under the name " edinol " (B. 84 , 
2455 ; C. 1902, II. 394, 1439). 
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Pseudo-phenol Haloids, Methylene-quinones, Quinols. 

Pseudo-phenol Alcohol Haloids. — A peculiar behaviour is shown by 
certain halogen-hydrogen esters of phenol alcohols, especially those 
o- and p-oxy-benzyl bromides and chlorides in which nuclear H atoms 
are replaced by chlorine or bromine. Such products are obtained (i) 
by the action of HBr upon the corresponding phenol alcohols ; (2) from 
vinyl phenols by adding HBr or Br ^ ; (3) by suitable bromination of 
o- and p-alkyl phenols, e.g . : 

o-Oxy-mesityl chloride CeH,[3, 5]{CH3)2[2, i](OH)CH2Cl, m.p. 58®. 
o-Oxy-iso-duryl chloride C3H[3, 5, 6](CH3)3[2, iJpHlCH^Cl, m.p. 100®. 
m-Bromo-o-oxy-benzyl bromide C3H3[3]Br[2,i](( H CHjBr, m.p. 98®. 
m»m-Dibromo-o-oxy- benzyl bromide C3H2[3, 5]Br2[2, i](OH)CH2Br, 
m.p. 1 17®. Tribromo-o-oxy-benzyl bromide CeHBr3[2, iJ^OHjCHgBr, 
m.p. 134®. Tetrabromo-o-oxy-benzyl bromide C6Br4[2, i](OH)CH2Br, 
m.p. 156®. Dibromo-o-oxy-mesityl bromide CfiBr2(CH3)2[2, i](OH) 
CHgBr, m.p. 150®. Bromo-o-oxy-iso-duryl bromide C6Br(CH3)3[2, i] 
(OH)CH2Br. m.p. 112®. m, m-Dibromo-p-oxy-benzyl bromide CeH2Br2 
[ 4 , i](OH)CH2Br, m.p. 150®. Dibromo-p-oxy-pseudo-cumyl bromide 
C3Br2(CH3)2[4, i](OH)CH2Br, m.p. 126®. Dibromo-p-oxy-mesityl 
bromide, m.p. 147®. Tetrachloro-p-oxy-benzyl bromide CgCl4[4, i] 
(OH)CH2Br, m.p. 160®, and chloride, m.p. 146®. Penta-, hexa,- and 
heptabromo-p-ethyl-phenol C3HBr3[4, i] (OH)CHBr*CH2Br, CgHBrg 
[4, i](OH)CHBr*CHBr2 and C^Br^U. i](OH)CHBr*CHBr2, Tetra- 
bromo-iso-eugenol CeHBr2[3]OCH3[4, i] (OH)CHBr*CHBrCH3. Hepta- 
bromo-p-iso-propyl-phenol CeBr4[2, i](OH)CBr*(CHBr2)CH3,m.p. 183®, 
etc. 

These substances are insoluble in alkalies, and show an abnormal 
mobility of one aliphatically linked Br atom. This Br atom, on treat- 
ing with water, alcohol, glacial acetic acid, amines, potassium cyanide, 
or sulpho-hydrate, is easily exchanged for the residues OH, OAIK, 
OCOCH3, NHR, CN, SH ; with phenols, and tertia^ amines of the 
dimethyl-aniline type, they transpose very easily, without condensing 
agents, into diphenyl-methane derivatives. A reactivity similar to 
that of the pseudo-phenol alcohols is possessed by the corresponding 
sulpho-cyanides, acetates, and nitro-bodies, such as CeBr2(CH3)2[4, i] 
(0H)CH2N02 (B. 34 , 4264 ; cp. also the analogous behaviour of pro- 
penyl-phenyl dibromides). To explain the beha\dour of these sub- 
stances, called “ pseudo-phenols ” on account of their insolubility in 
alkalies, it is assumed that, in consequence of hitherto unexplained 
influences, the CHjBr (or CHBr) group so closely approaches the 
para- or ortho-hydroxyl that, in most reactions, there is a splitting 
off of HBr in the first instance, leading to the formation of highly 
reactive ** methylene-quinones** or ** quinone-meihanes** (B. 88, 2336), 
which react further with addition of the agents ; or the pseudo- 
phenol bromides are regarded as quinone-like substances, corre- 
sponding to the scheme : 


BrCH. <r >OH I 

— > = oi 

Pseudo-phenol bromides 


CH,:- 


O — •--»HOCH. < >OH 


Methyleoe-quinones 


Phenol alcohols. 
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In their other chemical properties the pseudo-phenols correspond 
exactly to the phenols, being easily convert^ into 0-acetyl compounds 
and urethanes. 

Methylene-qolnones. — The methylene-quinones, assumed above as 
intermediate products, may be obtained from the o- and p-pseudo- 
phenol bromides by treatment with sodium acetate solution, or dilute 
alkaline hydroxide. The o-methylene-quinones are formed much 
more easily than the para-bodies, the latter easily passing into poly- 
merised products, and, partly, into condensation products soluble in 
alkalies, e,g. derivatives of pj-dioxy-diphenyl-methane. 

From the pseudo-bromides of p-ethyl-phenol, iso-eugenol, and 
p-iso-propyl-phenol, on the other hand, derivatives of p-ethylidene- 
p-propylidene and p^iso-propylidene-^uinone can be isolated. The 
methylene-quinones are yellow substances, easily polymerised and 
bleached, b}^ light or by acids. The chemical behaviour of the o- and 
p-m ethyl ene-quinones shows a remarkable difference. The para-bodies 
are highly reactive, easily combining with water, alcohols, acetic acid, 
and H haloids to form the corresponding phenol-alcohol derivatives ; 
whereas the o-methylene-quinones are quite indifferent, so that they 
can hardly be regarded as intermediate products in the transformations 
of the o-pseudo-phenol haloids. 

o-Iso-durylene-quinone CH2 : [i]C6H(CH3)3[2] : O, m.p. 129°. Tetra- 
bromo-o-methylene-quinone CHg : [i]C3Br4[2] : O, m.p. ca. 130°. Bromo- 
o-iso-durylene-quinone CH, : [i]C6Br(CH3]3[2] ; O, m.p. 155°. Dlbromo- 
dimethyl-o-methylene-quinone CH^ : [i]CeBr2(CH3)3[2] : 0 , m.p. 168°. 
Hexabromo-p-ethylidene-quinone CHBrgCH : [i]CeBr4[4] : O. Trlbromo- 
methoxy-p-propylidene-quinone CH3CHBrCH : [i]CeHBr2(OCH3)[4] :0. 
Heptabromo-p-iso-propylidene-quinone CH3(CHBr2)C : [i]CeBr4[4] : O, 
m.p. 185°. Cp. also the much more stable methylene-quinones of the 
di- and triphenyl-methane series, e.g. diphenyl-methylene-quinone and 
quino-diphenyl-methane, the dyestuffs of the benzo-phenone and tri- 
phenyl-carbinol group, such as auramin, rosaniline, rosolic acid, etc., 
must be regarded as derivatives of methylene-quinone. 

Literature, — See Auwers, A. 301 , 203 ; 834 , 264 ; 344 , 93 ; B. 32 , 
2978 ; 34 , 4256 ; 36 , 1878 ; 88, 3302 ; 39 , 3160 ; Zincke, A. 320 , 145 ; 
822 , 174 ; 829 , i ; 349 , 67 ; 850 , 269 ; 353 , 357. 

Quinols* — Related to the pseudo-phenols and methylene-quinones 
is the species of compounds known as quinols, which are also related to 
the quinones proper. 

(i) Quinols were first obtained from para-alkylated bromine- or 
chlorine-substituted phenols, by oxidation with nitric acid or nitrogen 
oxides, the so-called nitro-ketones, or quinitrols, being intermediate 
products : 


Dichloro-p-cresol 


NO,H ^ Acetate H Cl , 

— " No,/ir~Tr-° " Ho/TrnT ° 

Dichloro-tolu-quinitrol Dichloro-tolu>quinol. 


Caro's acid also oxidises the non-substituted p-alkyl-phenols, like 
p-cresol, 2, 4-xylenol, in small quantities, to quinol (B. 86, 2028). 

(2) The simplest representatives of this series were obtained from 
p-alkyl-phenyl-hydroxylamines by transposition with H2SO4; the 
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imine-quinols, obtained as intermediate products, become quinols, by 
splitting off NHj : 


CH,-^ — ^NHOH — ► 
p-Tolyl-hydroxylamine 


CH,\ H H 

Ho/ k " H = nh 
Imino-tolu-quinol 


CH,\ H* H 

Ho/inr 

Tolu-quinol. 


O 


Similarly, the p-alkyl-phenyl-hydroxylamines, heated with alcoholic. 
H2SO4, give imino-quinol ether and quinol ether : 


CH s H NHOH ► 

m-Xylyl- /3-hydroxylamine 


CHa\ H CH., 
CjH.O/ H H 


: NH ► 


Imino-xylo-quinol-ethyl 

ether 


CHa\ H CHj, 
C,H,o/ H H 


Xylo-quinol-ethyl ether 


(3) Small amounts of quinols are also obtained from quinones, by 
the action of magnesium-methyl iodide. 

The quinols are colourless substances, soluble in alkalies, and subject 
to acidulation ; they are easily reduced to p-alkyl-phenols, from which 
they may be partly recovered by oxidation. 

On the plan of the a, jS-olefln-ketones, the simplest quinols combine 
with two molecules of hydroxylamine to form j 3 -hydroxylamine-oximes 
(cp. Vol. I.). With phenyl-hydrazin, various substances are formed — 
according to the conditions, phenyl-hydrazino-compounds, diphenyl- 
hydrazones of diketo-oxy-tetrahydro-benzols, or azo-compounds with 
rejection of HgO. 

With alkyl-magnesium haloids the quinols yield diquinols by method 
3 (above) : 

CHaX Br Br ^ C.H,MgI CHa\ Br Br 

oh/ "Sr br" • ^ oh/T7 bTxoh 

Tetrabroino-tolu-quinol Tetrabromo-methyl-ethyl-diquinol. 


The quinols have a characteristic tendency towards intramolecular 
atomic displacements. We may mention the migration of the para- 
alkyl group brought about by sulphuric acid, with formation of hydro- 
quinones : 


CHa\ H CHa 

ho/ ri H 


: O 


H CH, 


HOTPinro” 


2, 4-Dimethyl-quinol p-Xylo-hydroquinone. 


In the quinol ethers this transposition takes two directions, resorcin 
ethers being formed with migration of the alkoxyl group, besides hydro- 
quinone ethers, on heating with alcoholic H2SO4. 

On heating with concentrated H2SO4, the halogen-substituted 
methyl-quinols split off formaldehyde, and pass into Pj-^oxy-diphenyl- 
methanes. An analogous behaviour is showm by the isomeric p-oxy- 
benzyl alcohols and their derivatives, the pseudo-phenol bromides, 
intermediate products being probably the methylene-quinones (A. 356 , 
124). Tetrabromo-ethyl-quinol, on being treated with concentrated 
H2SO4, gives tribromo-ethyl-quinone (A. 341 , 262). 

In the halogen-substituted quinols the halogen atom, occupying 
the o-position with reference to the quinol group, may be replaced by 
OH, NHC4H5, etc. (cp. chloranile). 

Instead of the expected quinol, nitro-chloro-p-cresol yields nitro- 
chloro-tolu-quinone on heating with HNO,, the quinol undergoing trans- 
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position to hydroquinone, and oxidation. Nitro-bromo- and nitro* 
dibromo-p-cresol behave similarly (A. 841 , 310). The atomic dis- 
placement may also take other directions, according to the structure 
of the quinols (cp. B. 35 , 443). 

p-Tolu-quinol CH3(OH)[4]CgH4 : 0 , m.p. 75 ®, from p-tolyl-hydro- 
xylamine vdth dilute sulphuric acid, and, in small quantities, from 
p-cresol ^^-ith Caro's acid. 

2, 4-Dimethyl-quinol CH3(OH)[4]CeH8[2](CH3) : O, m.p. 73®, from 
m-xylyl-^-hydroxylamine, with cold dilute H2SO4, yields, on heating 
with acids or alkalies, or on illumination, p-xylo-hydroquinonc. 2, 4-Di- 
methyl-quinol-ethyl ether CH3(OC2H5)[4jCeH3L2j(CH3) : O, b.p.^g 94°. 
Imino-2, 4-dimethyl-quinol-ethyl ether CH 3 (OC 2 H 6 )[ 4 ]CeH 3 [ 2 ](CH 3 ) : 
NH, b.p.jj 98°, from m-xylyl-^S-hydroxylamine with alcoholic H2SO4. 
Mesityl-quinol CH3(OH)[4]C4H2[2, 6](CH3)2 : 0 , m.p. 46®, from mesityl- 
hydroxylamine, is transposed into cumo-hydroquinone. 2, 4, 5-TrI- 
methyl-quinol, m.p. 116®, from pseudo-cumenol with Caro's acid, and 
from p-xylo-quinone with CHjMgl (B. 36, 2038). Di-, tri-, and tetra- 
chloro-toiu-quinols, m.p. 123®, 90®, and 166®, from di-, tri-, and tetra- 
chloro-p-cresol, with HNO3, either direct, or by way of the quinitrols 
(method i). 

Di-, tri-, and tetrabromo-tolu-quinol, m.p. 134®, 128®, and 205®. On 
treating with alcoholic HCl, two bromine atoms are replaced by chlorine 
in the tetrabromo-tolu-quinol, and one Br atom in the tribromo-tolu- 
quinol, forming respectively : dibromo-dichloro-tolu-quinol, m.p. 162®, 
and dibromo-chloro-tolu-quinol, m.p. 135®. Tetrabromo-ethyl-quinol 
C2H5(OH)[4]C4Br4 : 0 , m.p. 140®. Tetrabromo-methyl-ethyl-diquinol 
CH3(OH)[i]C6Br4[4](OH)C2H5, m.p. 191®, and tetrabromo-diethyl- 
qoinol C2H5(OH)[ilC4Br4[4](OH)C2H5, m.p. 180®, are formed from 
tetrabromo-ethyl-quinol with methyl- and ethyl-magnesium iodide re- 
spectively. 

The pseudo-phenol bromides also are oxidised by HNO3 to quinols, 
which, on treatment with cdkalies or silver oxide, yield oxides with 
rejection of HBr. 


Br Br 

CH,B. OH 

Pentabromo-p-cresol 


CHjBrx 
GH ' *■ 


Br 



Pentabromo-tolu-quinol 


CH.x Br Br 

— *■ b— ' I* 

Pentabromo-tolu-quinol 

oxide. 


These oxides add HBr and acetyl bromide, with formation of hydro- 
quinone derivatives : 

BrCH.O — I^COCH, 

quinol oxide. 

Literature, — Cp. Auwers, B. 35, 425, 443 ; Bamberger, B. 38, 3600. 
85, 1424, 3886 ; 86 , 1625 ; 40, 1890, 2236 ; Zincke, B. 34, 253 ; A. 828, 
261 ; 343, 100 ; 341, 309. 

Dioxy-benzyl alcohols are not known in a free condition, but deriva- 
tives of 2, 5-dioxy- and of 3, 4-dioxy-benzyl alcohol have been obtained 
in the reduction of certain aldehyde ethers with sodium amalgam. 
Dl-meihyl-geiitisili alcohol (CH,0)2[2, 5]C2H3[i]CH2.0H boils at 278®. 


CH,x Br Br / 

O Br br ■ [ CH,COBr 

Tetrabromo-tolu- 
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VanlUyl alcohol CH30[3]H0[4]C,Hs[i]CH,.0H, from vanillin, 
melts at 115°. 

Piperonyl alcohol C,H[i]CH,.OH, from piperonal, melts 

at 51 °. Homo-piperonyl alcohol ch,<^°[3]|,c,i^ch,ch,oh, b.p.io 156 “, 
see B. 41, 2752 . o-Dloxy-bcnzyl-amine melts at 168 ° (B. 27, 1799 ). 


(2) Aromatic Oxy-mono-aldehydes, Phenol-aldehydes. 

The phenol-aldehydes are obtained (i) by oxidising the phenol alco- 
hols with chromic acid ; (2) by an important nuclear-synthetic method, 
consisting in letting chloroform and an alkadine hydroxide act upon 
phenols (reaction of Reimer), when the chloroform enters the o- and p- 
position with reference to the phenol-hydroxyl, and is then converted 
into the aldehyde group (B. 9, 1268) : 

C,H,.OH-fCHClg-|-4KOH = bH.O. 

On treating o- and p-alkylated phenols with chloroform and alkali, 
some chlorinated products of a ketone type, insoluble in alkalies, are 
produced besides the phenol-aldehydes, e.g. 


^***"{1" S 


CH,\ H H . 
CHCl,/ H H * 


O. 


These substances should be regarded as derivatives of keto-dihydro- 
benzol, and are dealt with in that connection. 

(3) A nuclear synthesis of phenol-aldehydes is also brought about 
by the action of prussic acid and gaseous HCl upon the phenols, or their 
ethers, with or without A1 chloride ; aldimines are first formed, and 
these are easily converted into aldehydes (Gattermann, A. 357, 313) : 

C,H,0H-^^^!^U HN : CH.CeHgOH ► 0CH.C,H40H. 


By similar reactions, oximes of phenol-aldehydes are produced (3a) 
from multivalent phenols, mercury fulminate, and HCl ; and phenyl- 
imines of aldehydes (36) from multivalent phenols, formanilide, and 
POCl,: 


HON:C(HCl) 
C«H4(0H), V C.H.N:CHC1 


C4H8(0H),CH. NOH 
C.H3(0H),CH : NX.h/ 


Behaviour . — All the phenol-aldehydes show the same reactions of 
the aldehyde group as the benzaldehydes. Oxidising agents convert 
them with difficulty into phenol-carboxylic acids ; this is most easily 
accomplished by fusion with caustic alkalies. They reduce an am- 
moniacal silver solution, but not the Fehling solution. On oxidation 
with dilute alkaline HjOj solution the o- and p-phenol-aldehydes split 
off the aldehyde group and easily pass into pyro-catechin and hydro- 
quinone (C. 1910, I. 634). They dissolve in alkalies, forming sits — 
e.g. CeH4(CHO).ONa ; the alltyl iodides convert the latter into alkyl 
ethers. 

(a) Honoxy-benKaldehydes HO.CeH4.CHO. — Three are possible 
according to theory ; all of them are known. Anisic aldehyde, the 
VOL. II. y 
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methyl ether of p-oxy-benzaldehyde, has been known for the longest 
period. 

Salicylic aldehydCy o-oxy-henzaldehyde, formerly called salicylous 
or spiroylous acid, boils at 196®. Its sp. gravity equals 1-172 (15®). 
It occurs in the volatile oils of the different varieties of Sptraa — e,g. 
Spiraa ulmaria. It is obtained by the oxidation of saligenin and salicin 
(Piria, 1839) decomposition of helicin, an oxidation product 

of salicin (y.v.)- -^so by reduction of sodium salicylate with sodium 
amalgam in the presence of free boric acid (B. 41 , 4147, 4148). It is 
most readily prepared (together with p-oxy-benzaldehyde) by the 
action of chloroform and caustic potash upon phenol. It is separated 
from the p-body by distillation in steam, in which salicylic aldehyde 
is very volatile. It is rather easily soluble in water ; the solution is 
coloured a deep violet by ferric chloride (compare saligenin and sali- 
cylic acid). In alkalies it dissolves with an intense yellow coloration, 
in contrast with p-oxy-benzaldehyde (B. 89 , 3087)). Like all ortho- 
oxy-aldehydes, it colours the skin an intense yellow. Sodium amalgam 
transforms it into saligenin ; oxidising agents change it to salicylic 
acid. 

Potassium • salicylic aldehyde C0H4(OK)CHO-1-H2O consists of 
yellow plates. The methyl ether CeH4(O.CH3).CHO melts at 35° and 
boils at 238® ; the ethyl ether boils at 248®. The aceto-derivative CHj. 
CO.O.C4H4.CHO melts at 37® and boils at 253®. Glucose dermUtve, 
see Helicin. o-Aldehydo-phenoxy-acetic acid C02H.CH20[2]C4H4[i] 
CHO, melting at 132®, splits off water and becomes cumarilic acid 
{q,v.). Salicyl-aldoxime melts at 57® ; cp. B. 22 , 3320. o-Anisaldoxime 
CH30.[2]C4H4[i]CH : N (OH), m.p. 92° (B. 23 , 2741) ; also obtained from 
anisol, mercury fulminate, and hydrated AlClg besides p-anisaldoxime 
(B, 23 , 2741 ; 36 , 648). Salicyl-hydramide (C7HeO)3N2, m.p. 167® 
(C. 1899, II. 827 ; 1900, 1 . 123). Salicyl-hydrazone HO.CeH4CH : NNHj, 
m.p. 96°. o-Oxy-benzalazin HOC3H4CH : N.N : CHCeH40H, m.p. 213® 
(B. 31 , 2806). Phenyl-hydrazone, m.p. 142®, b.p.^ 234®, decomposes 
on distillation partly into aniline and salicylic acid nitrile C3H4(OH) 
CN (B. 36 , 580). Nitro-salicx l-aldehj’^de, see B. 22 , 2339. 

m-Oxy-benzaldehyde,m.p. 104®, b.p. 240®, results from the reduction 
of m-oxy-benzoic acid with sodium amalgam (B. 14 , 969) and from 
m-nitro benzaldehyde (B. 15 , 2045). Its oxime melts at 87®. Its 
phenyl-hydrazone melts at 130® (B. 24 , 826). See B. 18 , 2572, for the 
nitro-m-methoxy-benzaldehydes. 

p-Oxy-benzaldehyde is formed from phenol, chloroform, and caustic 
alkali, together with salicylic aldehyde. It melts at 116®, and sub- 
limes. Its aldoxime melts at 65® ; its hydrazone at 178®. Consult 
B. 29 , 2302, 2355, for the haloid p-oxy-benzaldehydes. Its methyl 
ether, readily accessible, is the so-called : 

Anisic aldehyde, p-mcthoxy-henzaldehyde CH30[4]C4H4[i]CH0, b.p. 
248®, with sp. gr. 1-128 (15°). It results in oxidising anethol {q.v), 
present in various essential oils (anise, fennel, tarragon, etc.), with dilute 
nitric acid or a chromic acid mixture (C. 1900, I. 255). 

p-Anisaldoxime, m.p. 61°, from anisol, mercury fulminate, and 
hydrated AICI3, besides o-anisddoxime and p-anisic nitrile. p-Ethoxy- 
benxaldoxime (C2H50)[4]C3H4CH : NOH, obtained in two forms, melt- 
ing at 118® and 157® respectively, from phenetol, mercury fulminate. 
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and AlCl, (B, 86, 648, 650). Anisal chloride CH80.C,H4.CHClj, m.p. 
20“ (B. 41 , 2331). 

Homologous monoxy-benzaldehydes have been prepared from 
various phenols by Reimer's method, and also by Gattermann’s 
method : 

M.p. B.p. 

o-Homo-falioyl-aldehyde . CH8[3]C*Hj[2]OH[i]CHO . .17® 208*1 

a-m-Homo-ia^oyl-aldehyde . CH3[4]C,H8[2]OH[i]CHO . . 59° 220** 

/S-m-Homo-salicyl-aldehyde . CH3[6]C.Hs[2]OH[i]CHO . .31® 229® * 

p-Homo-salioyl-aldehyde CH3[5]CeH3[2]OH[i]CHO . . 56* 217® 

o-Homo-p-ozy-benzaldehyde . CH3[5]CeH3[4]OH[i]CHO . . 115®* 

p-Homo-p-oxy-benzaldehyde . CH3[2]C,H8[4]OH[i]CHO . . no® 

Trimethyl-ialloyl-aldehyde . (CH3)3[3, 5, 6]C.H[2]OH[rjCHO. 105® « 

p-Thymotin-aldehyde . . CH[2]C3H7[5]CeH,[4]OH[i]CHO 133®* 

p-Carvacrotin-aldehyda . CH[5]C3H,r2]C,H,[4]OH[i]CHO liquid « 
p-Iio-butyl-saUcyl-aldehyde . [4]QH3[2]OH[i]CHO . 252*.^ 

Ltterature . — 1 B. 24 , 3667 ; * C. 1906, I. 1012 ; * B. 24 , 3667 ; * B. 18 , 2656 ; 
82 , 3598 ; * B. 16 , 2097 ; 31, 1767 ; • B. 19 , 14 ; ’ B. 28 , R. 468. 

p-Oxy-mesitylene-aldehyde (CH3)2[3,5](OH)[4]CeH2CHO, m.p. 114°, 
from mesitol by oxidation with ethyl nitrite; oxime, m.p. 169® (A. 311 , 

363). 

The o-oxy-benzaldehydes are more readily soluble in water and 
more sparingly soluble in chloroform than the p-oxy-benzaldehydes. 
The o-bodies are volatile in steam, form sparingly soluble sodium 
bisulphite derivatives, and are coloured yellow by ammonia (B. 11, 770). 

The phenyl-hydrazones of homo-salicyl-aldehydes and other salic} !- 
aldehydes with alkylated nucleus are, strangely enough, insoluble in 
alkalies (B. 85 , 4099). 

p - Methoxy - phenyl - acetaldehyde CH30[4]CgII^CH2CH0. The 
oxime of this aldehyde is obtained by the reduction of anisyhdene- 
nitro-methane CH3OC3H4CH : CHNO2 (C. 1902, II. 449). 

p-Hethoxy-hydratropa-aldehyde CH30[4]CeH4CH (CH3)CHO, b.p. 
256®, from anethol CH3OC3H4CH : CHCH3 by oxidation with HgO and 
iodine, with migration of the aromatic residue (C. 1902, 1 . 1056). 

(6) Dioxy-benzaldehydes. — Some of the dioxy-benzaldehydes which 
have been prepared by the chloroform-potash reaction are ethereal 
derivatives of proto-catechuic aldehyde, and are characterised by an 
agreeable odour. This is especially true of vanillin and ptpcronal, or 
heliotropine. Both substances are prepared on a technical scale : 

/[i]CHO r[i]CHO r[i]CHO 

C,H3 [3]0H C,H3 [3]0CH, C,H3 [3]0 \ch 

'[4]0H 1[4]0H '.[4]0/ * 

Proto-catechuic aldehyde Vanillin Piperonal. 

Proto-catechuic aldehyde, [3,4ydioxy-benzaldehyde, m.p. 153® 
(B. 26 , R. 701), was first obtained from piperonal (Fittig and Remsen, 
1871) ; also from vanillin, iso-vanillin, and opianic acid by heating with 
hydrochloric acid, and by the action of HgOg upon m- and p-oxy-bcnz- 
aldehyde (C. 1904, II. 1631). It is prepared in the nuclear-s3mthetic 
way from pyro-catechin by the chloroform reaction. It dissolves 
readily in water. Ferric chJoride colours its aqueous solution a deep 
^reen. It reduces ammoniacal silver solutions. Molten caustic potash 
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converts proto-catechuic aldehyde into proto-catechuic acid. Its 
phenyl^hydraxone exists in two modifications : a- (stable), melting at 
176®, and (unstable), melting at 121^-128°. Its oxime melts at 150® 
(B. 29 ^ R. 670). Proto-catechuic-aldehyde-carboxylate (C 0 ) 0 , : C^H, 
CHO, m.p. 124®, b.p.i3 162®. 

Vanillin, m-methoxy-p-oxy-betixaldehyde, m.p. 80®, sublimes readily, 
and is the active constituent of the vanilla bean pod ( Vanilla piani- 
folia), which contains about 2 per cent, of it (B. 9, 1287). Vanillin 
also occurs in the orchid Nigritella suaveolens (B. 27, 3049). It was 
first prepared artificially from the glucoside coniferine by its oxidation 
with chromic acid (Tiemann and Haarmann, 1874 ; B. 7, 613). Glyco- 
vanillin was obtained as an intermediate product in the oxidation 
of coniferine ; acids or emulsin split it up into glucoses and vanillin 
(B. 18, 1595, 1657). Vanillin is also produced by oxidising eugenol {q,v.) 
(B. 9 , 273). In the nuclear-synthetic way it has also been formed, 
together with m-methoxyl-salicylic aldehyde, boiling at 266®, from 
guaiacol, chloroform, and caustic potash (B. 14, 2023 1 C. 1910, 1 . 1881). 
Industrially, it is obtained on a large scale by the oxidation of iso- 
eugenol, obtained by the transposition of eugenol, contained in abund- 
ance in carnation oil. It is advantageous to protect the free hydroxyl 
from oxidation by the temporary introduction of an acid residue 
{CH 3 CO, CeH^SO^, etc.) : 

/ [i]CH,,CH : CH, / [i]CH . CH.CHj i [i]CHO 

C.H 3 [3]0CH, ► C.H 3 [3]0CH3 ► C,H 3 I [3]0CH3 

1[4]0H v[4]OP1 U4]0H 

Eugenol Iso<eugenol Vanillin. 

Heated with HCl, vanillin splits up into proto-catechu-aldehyde 
and CH 3 CI It behaves as a p-oxy-benzaldehyde and, when fused with 
KHO, it passes into proto-catechuic acid — two facts which determine 
its constitution. By sodium amalgam, vanillin is converted into 
vanillyl alcohol, and into hydra-vanilloin, which corresponds to hydro- 
benzoin. 

Vanillin-oxime melts at 117® (B 24, 3654). 

Trithio-vanillin [C3H3(OirHUCH3)CSH], melts at 236® (B. 29 , 143). 

Iso-vanillin, p-methoxy-m-oxy-bmzaldehyde, melting at 116®, smeUs, 
when heated, like vanilla and anise oil. It is obtained by oxidising 
hesperitinic acid, or by heating opianic acid with hydrochloric acid. 

Methyl-vanillin (CH30)2CeH3CH0, m.p. 42®, b.p. 283® (B. 11, 662). 

Piperonal, proto-catechuic aldehyde-methylene ether, heliotropine 
(CH202)C3H3CH0, melting at 37® and boiling at 263®, was obtained by 
the oxidation of piperic acid (j.v.). It is also formed by treating 
proto-catechuic aldehyde with alkali and methylene iodide. Industri- 
ally, it is obtained from safrol (q,v,) as vanillin is obtained from eugenol. 
Its odour is pleasant, like that of heliotrope. Piperonylic acid results 
from its oxidation, and piperonyl alcohol from its reduction. On heat- 
ing with dilute mineral acids to 190®, under pressure, it breaks up into 
proto-catechuic aldehyde and formaldehyde or methyl alcohol (C. 1905, 
11 . 1060) . Its oxime melts at 1 10®. Its phenyl-hydraxone melts at 100®. 
PCI5 converts it into piperonal ehlorlde (CH202)CeH3CHCl2, and di- 
chloro-piperonal ehloride (CCl202).CeH3CHCl2, which is changed by cold 
water into the earboxylate of proto-cateehnie aldehyde ehlorlde (C0)0, : 
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CeHgCHClg, m.p. 97®, b.p.^j 178®, also obtained direct fr9m piperonal 
with thionyl chloride at 220®, or by heating with chloride of sulphur 
(B. 42, 417). Bromo-plperonal (CHj02).CeH2Br.CH0 (B. 24, 2592). 
o-Nitro-piperonal yields bidioxy-methylene indigo (B. 24, 617). 

Homo-piperonal (CH2)02 : CeHgCHgCHO, m.p. 69®, b.p.^o 144®, 
is formed by the oxidation of safrol (q.v.) with ozone (B. 41, 2751). Its 
oxime, m.p. 120®, is formed from piperonylidene-nitro-methane by 
reduction with A1 amalgam (C. 1902, II. 449). 

Concerning nitro-proto-catechuic aldehyde, nitro-vanillin, amino- 
vanillin, and derivatives, see C. 1902, II. 31 ; B. 86, 2930. 

The following bodies have been prepared from resorcin and hydro- 
quinone by the action of chloroform and caustic alkali, just as proto- 
catechuic aldehyde was made from pyro-catechin : 

j3-ResorcyI-aldehyde (HO)2[2, 4]C6H3[i]CHO melts at 135®. 

Orcyl-aldehyde {n 0 )^[ 2 , 4 ]C^U,[ 5 , i](CH,)CUO, m.p. 180®, 
from hydroquinone with chloroform and alkali. 

Gentisin-aldehyde (HO)2[2, 5]CeH3[i]CHO melts at 99®. 

Dioxy-dialdchydes are also produced in dilute solutions when much 
chloroform and caustic potash are used. The monomethyl ethers of 
resorcin and hydroquinone, like guaiacol, each yield, upon treatment 
with chloroform and potash, two aldehydes : one, comparable in 
deportment with salicyl-aldehyde, contains the aldehyde group in the 
o-position with reference to phenol-hydroxyl ; while the other contains 
the aldehyde group in the p-position, referred to the free phenol-h\^dro- 
xyl (B. 14, 2024). 

Gentisin-al(ieh3^de is also produced by oxidation of salicyl-aldehyde 
with potassium persulphate in alkaline solution (C. IQ07, II. qoi)- The 
anile of resorcyl-aldehyck C3H2[2, 4](OH)2CH : NC^Hg, m.p. 126®, is 
also obtained from resorcin with formanilide and POCI3, and the oxime 
CeH3(OH)2CH : NOH with mercury fulminate and HCl. 

(c) Tri- and Tetra-oxy-benzaldehydes. — From pyrogallol, phloro- 
glucin, and oxy-hydroquinone the corresponding aldehydes have been 
obtained with HCN and HCl : Pyrogallol-aldehyde, gallic aldehyde 
(H0)3[2, 3, 4]CeH2CHO, m.p. 161®. Phloro-glucin-aldehyde (HO)3 
[2, 4, bJCjHj.CHO, decomposed on melting. Oxy-hydroquinone-alde- 
hyde (HO)3[2, 4, 5]CeH2.CHO, m.p. 223® (B. 32, 278). The oximes 
and aniles of these aldehydes have also been obtained synthetically 
by methods 3a and 36. Alkyl ethers of these bodies have been formed 
by oxidising aromatic plant derivatives, containing unsaturated ali- 
phatic side chains (B. 16, 2112 ; 17, 1086 ; 24, 3818 ; 41, 1918). 

Glyco-syringa-aJdehyde, an oxidation product of syringine (q.v,), 
when treated with emulsin yields 4-oxy-8, 6-dimethoxy-benzaldeliyde, 
syringa-aldehyde (B. 22, R. 107). 

2, 4, 5-Trimethoxy-benzaldehyde, asaryUaldehyde, m.p. 114®, is 
obtained by oxidising asarone (propenyl-trimethoxy-benzol), and from 
oxy-hydroquinone-trimethyl ether, with HCN, HCl, and AlCl, (B. 82, 
289 ; 89, 1211). 

(3) Phenol Ketones. 

They have been obtained (i) from amido-ketones (B. 18, 2691) ; 
(2) from aromatic jS-ketone-carboxylic acids (B, 25, 1308) ; (3) by the 
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breaking up of C-alkylated benzo-tetronic acids with concentrated 
alkalies (A. 879 , 333) ; (4) from the dibromides of the propenyl-phenols 
and their ethers : (a) by transforming into bromo-h}^drins and ethylene 
oxides, and transposing the latter with acids or by heating alone 
(B. 88, 3464) : 

CHBrCHBrCHj H,o CH(OH).CHBrCHs koh O.i'H.CH, CH,.CO.CH8 
CgH^OCHs C,H,0CH3 ^ 

(6) by transforming into ethyl bromo-hydrins and a-ethoxy-propenyl- 
phenols by sodium ethylate, and saponifying the latter : 


CO.CH2.CH3 
C^H^OCHa • 

To these must be added the methods of nuclear synthesis consist- 
ing in the introduction of acid radicles into phenols, and phenol-alkyl 
ethers ; (5) condensation of phenols with glacial acetic acid, and other 
aliphatic acids, with the aid of zinc chloride or tin tetrachloride (B. 14 , 
1566 ; 23 , R. 43 ; 24 , R. 770), or, better, by phosphorus oxy-chloride 
(B. 27 , 1983) ; (6) from phenols with acid chlorides and, preferably, the 
addition of zinc chloride (B. 22 , R. 746 ; C. 1904, 1 . 1597) ; (7) from 
phenol-alk}'l ethers or phenols and acid chlorides in the presence of 
AICI3 (B. 36 , 3890 ; C. 1898, I. 1223) ; excess of AICI3 saponifies the 
resulting phenol ethers to oxy-ketones. Starting from the thio-phenol 
ethers, thio-phenol mono-ketones are obtained by this method (C. 1908, 
II. 1659) 

o-Oxy-aceto-phenone, b.p. 213®, is formed by method 2. p-Oxy- 
aceto-phenone, m.p, 107°, is produced by method i. p-Acetyl*anisol, 
p-methoxy-aceto~phenone, m.p. 38® and b.p. 258®, is formed by method 
3. Propionyl-phenol HOC3H4COC2H5, m.p. 148®, is produced by 
method 4. 

Aceto-pyro-catechol (HO)2r3, 4jC4ll3[i]CO.CH8, melts at 116® (B. 
27 , 1989). Aceto-vanUIonH6[4](CH30)[3]C3H3[i]COCH3, m.p. 115®, 
is produced in the oxidation of aceto-eugenol, and, synthetically, 
from guaiacol by method 7, or by condensation of benzoyl-vanillin 
with CHjMgl, oxidation, and rejection of the benzoyl group (B. 
24 , 2855, 2869). Aceto-veratron {CH30)3CeH3.C0.CH8, m.p. 48® 
(B. 27 , 1989). Aceto-piperone (CH202)[3, 4]CeH3[i]CO.CH3, m.p. 87®, 
results on oxidising proto-cotoin with potassium permanganate (B. 24 , 
2989 ; 25 , 1127 ; 26 , 2348). 

Resaceto-phenone (HO)2[2, 4]CeH3[i]CO.CH8, m.p. 142®, is pro- 
duced by method 5, and from j 3 -methyl-umbelliferone upon fusion 
with caustic potash (B. 16 , 2123). Its p-methyl ether, psdonol CH 80 [ 4 ] 
(HO)[2]CeH3.CO.CH8, m.p. 45®, occurs in the root-bark of Paonia 
Moutan, a ranunculus from Japan (B. 25 , 1292). When resorcin- 
diethyl ether is acetylated with the aid of aluminium chloride the 
products are 1 , 2, 4 -re 8 aeeto-phenone-diethyl ether, m.p. 69®, and an 
isomeric resaceto-phenone with the melting-point 178® (B. 29 , R. 386). 
Consult B. 29 , R. 674, for haloid resaceto-phenones. 

Ore-aeeto - phenone - dimethyl ether CH3[i]C3H3[3, 5](OCH3)3[4] 


CHBrCHBrCHa C.H.ONa CH(OC,H,).CHBr.CH8 C,H,ONa 
C.H^OCHa C,H 40 CH 3 

C(OC,H,) : CHCH3 

C,H.OCHj 
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COCHj, m.p. 89®, and bore-aeeto-phenone-dlmethyl ether CH3[i]CeH2 
[ 3 f 5](0CH3)2[2]C0CH„ m.p. 48®, from orcin-dimethyl ether by method 
7 (B. 41 , 793). 

Quina-aceto-phenone (HO)2[2, 5]C3H3[i]CO.CH3, m.p. 202®, is 
produced by method 2. Valero-hydroqiilnone (HO)2[2, sJC^Ha.CO. 
C4H9, m.p. 115°. Its quin-hydrone results when sunlight acts upon 
benzo-quinone and valeric aldehyde (B. 24 , 1344). 

Gall-aceto-phenone (HO)3[2, 3, 4]CeH2[i]CO.CH3, m.p. 168®, is 
formed by method 3 (B. 27 , 2737 ; 43 , 1016). 

Anis-acetone, p-methoxy^phenyUacetone CH30[4]C3H4CH2C0CH8, 
b.p. 26 i°“ 265®, is found in aniseed oil (?) (C. 1902, II. 1256). 

o-Acetyl-thio-phenol HS[2]C3H4[i]COCH3, b.p. about 124®, from 
o-amido-aceto-phenone by way of the diazo-compound ; yields thio- 
indigo during oxidation in alkaline solution, as well as the dithio- 
compound. 


(4) Phenol-monocarboxylic Acids. 

The aromatic oxy-acids, containing hydroxyl united to the benzene 
nucleus, combine the character of acids and phenols, hence are desig- 
nated phenol acids. Should the hydroxyl groups enter the aliphatic 
side chains, we would obtain aromatic alcohol acids, showing in their 
behaviour very great similarity to the oxy-fatty acids. 

Formation, — A. From substituted carboxylic acids, as in the case oj 
the phenols : (i) Through the conversion of the amido-acids, by means 
of nitrous acid, into diazo-compounds, and then boiling the latter with 
water. (2) By fusing the sulpho-benzoic acids and halogen-benzoic 
acids with alkalies. (3) By oxidation of the benzoic acids, in the form 
of Am salts, with HgOj, o-, m-, and p-oxy-benzoic acids being formed 
together (C. 1907, II. 204O). 

B. From compounds in which the phenol-hydroxyl is already present : 
(4) By fusing homologous phenols with alkalies, when the methyl group, 
linked to the nucleus, will be oxidised to the carboxyl group. (5) By 
oxidising the sulphuric or phosphoric acid esters of homologous phenols, 
and then saponifying the resulting phenol-carboxylic esters. (6) By 
fusing the phenol-aldehydes, difficult to oxidise, with alkalies. (7) By 
converting the phenol-aldoximes into oxy-acid nitriles, and then 
saponifying the latter. 

C. Nuclear Synthesis, — (8) By the action of carbon dioxide upon 
the dry sodium salts of the phenols, at elevated temperatures, when 
the carbonic acid generally enters the ortho-position with reference 
to the hydroxyl group. This reaction will be more exhaustively dis- 
cussed in connection with salicylic acid. 

(9) By boiling the phenols with carbon tetrachloride and caustic 
potash (B. 10 , 2185) : 

C,H..OH+CCl4+5KOH = C.h/°” j^+4Ka+3H,0. 

The carboxyl usually occupies the p-position to the phenol-hydroxyl. 

This reaction is perfectly an^ogous to that of the formation of 
oxaldehydes by means of chloroform and caustic alkali. The action 
of carbon tetrachloride upon p-alkylated phenols in the presence 
of AlCl, yields derivatives in both cases of keto-dihydro-benzol 
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cc^ > H H : O, from which the phenols are regenerated on reduction 
897). 

(10) \Mien urea chloride, phenyl iso-cyanate, and phenyl-mustard 
oil, together v^ath aluminium chloride, act upon phenol ethers (or thio- 
phenol ethers) in carbon disulphide solution (A. 244 , 61 ; B. 27 , 1733), 
the products are amides, anilides, and thio-anilides of alkyl-oxy-acids. 

Behaviour. — They are monobasic acids. The hydrogen of the 
carboxyl group is alone replaced by metals when they are acted upon 
with alkahne carbonates. 

Their hydroxyl hydrogen can also be replaced by alkalies, forming 
basic salts — e,g. Na* dioxide, however, will convert 

the latter into neutral salts. The ether esters manifest a like deport- 
ment, inasmuch as it is only the alkyl ester which is eliminated, with 
the production of a salt of an alkyl-ether acid : 

X).CHa ^ o CH3 

C,H4< -I-KOH = C.Hk -hCHgOH. 

VOj.CHg C OJv 

Tlie o-oxy-acids, unlike the m- and p-derivatives, volatilise in 
aqueous vapour, are coloured violet by ferric chloride, and dissolve 
in chloroform. The m-oxy-acids are coloured reddish brown when 
heated with concentrated sulphuric acid, with the formation of oxy- 
anthraquinones (B. 18 , 2142). They are usually more stable than 
the o- and p-acids. Boiling concentrated hydrochloric acid decom- 
poses the p-acids into carbon dioxide and phenols. All the oxy-acids 
decompose into carbon dioxide and phenols w^hen distilled with lime. 

A. Monoxy-monocarboxylic Acids. — Salicylic acid or o-oxy-bcnzoic 
acid is by far the most important representative of this class. It is 
extensively applied both in therapeutics and in the colour industry. 

Monoxy-benzolc Acids. — The three isomerides theoretically possible 
are known. 

Salicylic acid, o-oxy-benzoic acid H0f2]CeH4[i]C02H, melting at 
155®, occurs in a free condition in the buds of Spircea ulmaria, as the 
methyl ester in oil of Gaultheria procumbens (oil of evergreen), a 
species of Ericaceae. It is produced, by the general methods of forma- 
tion, ( t ) from anthranilic acid; (2) from o-sulpho-,o-chloro-,and o-bromo- 
benzoic acids ; (3) from o-cresol ; (4) from saligenin and salicyl-alde- 
hyde ; (5) from phenolates with COj ; and (6) with carbon tetrachloride. 

It is also formed upon fusing cumarin (q.v.) and indigo (q.v.) with 
caustic potash, and in the distillation of copper benzoate. 

Technical Preparation. — Two methods of bringing sodium phenolate 
and COj in reaction are applicable for this purpose : 

(a) Sodium phenoxide is heated in a current of carbon dioxide at 
i8o®- 220®, when the latter is absorbed. Half of the phenol distils 
over, and the residue consists of disodium salicylate (H. Kolbe) ; 

rO Na 

2C,H,ONa4-CO, - C.H, ^+C,H,OH. 

The behaviour of potassium phenolate in this reaction is remark- 
able. At 150® dipotassium salicylate is produced. At a more elevated 
temperature, however, there is formed with the dipotassium salicylate 
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its isomeride, dipotassium para-oxy-benzoate. The latter is more 
abundant in proportion to the increased temperature, ufitil at 220® 
it is the sole product. The primary alkali salicylates, when heated, 
show the following behaviour. 


Monosodium salicylate at 220® 3delds disodium salicylate, phenol, 
and CO 2 . qq ^co Na 


Primary potassium salicylate at 220® yields phenol, dipotassium 
para-oxy-benzoate, and CO2. 

Primaty sodium para-oxy-benzoate at 280® yields phenol, COj, 
and disodium salicylate (/. pr. Ch, 2, 16 , 425). 

(&) Sodium phenoxide is saturated under pressure, in closed vessels, 
with carbon dioxide, when it is converted into sodium pheno-carbonate 
C0H6.O.CO2Na. This is transformed, under pressure, at a temperature of 
I20®-I30®, into phenol-sodium-o-carboxylic acid NaO[2]C8H4[i]COOH 
(R. Schmitt, German patent 29,939). This can be combined in one process 
by letting CO2 act, under pressure, upon sodium phenate at 120®- 
140® (German patent 38,742). The second method gives a complete 
transformation of the phenol employed. This difference is probably 
due to the fact that, in Kolbe’s method, the phenol-sodium-o-carboxylic 
acid first formed at the high temperature forms disodium salicylate 
and free phenol with the sodium phenate (B. 38 , 1375 ; 39 , 14 ; 
A. 351 , 313). 

History. — Piria first obtained salicylic acid in 1838, when he 
oxidised its aldehyde with molten caustic potash (A. 30 , 165). In 
1843 Cahours proved that wintergn'en oil consisted almost entirely of 
methyl-salicylic ester (A. 63 , 332). Gerland, in 1853, showed that 
anthranilic acid, as suspected by A. W. Hofmann, could be converted 
by nitrous acid into salicylic acid (A. 86, 147). In i860 H. Kolbe 
and Lautemann prepared it synthetically from phenol, sodium, and 
carbonic acid (A. 115 , 201). It was Kolbe who first correctly inter- 
preted salicylic acid to be a monobasic ox^^-acid, and, in 1874, dis- 
covered that the acid could readily be formed upon conducting carbon 
dioxide over dry heated sodium phenate. It was in this way that he 
ascertained the conditions necessary for the production of the acid 
upon a commercial scale. 

Properties and Behaviour , — Salicylic acid crystallises from alcohol 
in colourless prisms ; from hot water in long needles. It has a sweet 
acid taste. It dissolves in 400 parts of water at 15°, and in 12 parts at 
100® ; it is very soluble in chloroform. When it is heated alone, salol, 
or'phenyl-salicylic ester, and xanthone (q.v.) are produced (A. 269 , 323). 
Sodium in amyl-alcohol solution reduces it to normal pimelic acid. 
In this reaction the ring is ruptured, and cyclo-hexanone-carboxylic 
acid appears as an intermediate product (B. 27 , 331)* 

Its aqueous solution acquires a violet coloration upon the addition 
of ferric chloride (C. 1908, II. 1511). It is a powerful antiseptic, arrests 
decay and fermentation (Kolbe, J, pr, Ch. 2. 10 , 9), and is applied 
therapeutically both as the free acid and in the form of its sodium salt 
(in rheumatoid arthritis). 

Salicylates.— salieylate H0.C8H4C02Na is a crystalline 
powder, with an unpleasant sweet taste. Basic calcium sudlcyiate 
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(0C,H4C02)Ca4-H80 dissolves with great difficulty, and is precipi- 
tated upon boiling salicylic acid with lime water. It serves for the 
separation of salicylic acid from m- and p-oxy-benzoic acids. 

Esters, Ethers, and Ether Esters, — Methyl ester H0.C«H4.C0aCH,, 
boiling at 224®, with sp. gr. 1.197 (o®), is the chief in^edient of winter- 
green oil (from Gault^ria procumhens). It occurs in many different 
plants in the form ot a glucoside (B. 29, R. \ C. 1899, II. 881). 

When the methyl ester is digested with an alcoholic solution of 
potassium hydroxide and methyl iodide, we get the dimethyl ester 

, boiling at 245®. Boiled with potassium hydroxide, 
it is saponified, yielding methyl alcohol and methyl-salicylic acid 
2Lt 98®. It decomposes into carbon dioxide and 
anisol when heated to 200®. 

The chloride CH 30 [ 2 ]CeH 4 C 0 Cl, b.p.jy 145®, is obtained from the 
acid with thionyl chloride (C. 1902, II. 216). 

Phenol-salicylic ester, salol HO.CeH4.CO2.C3H5, melting at 43® and 
boiling at 172® (12 mm.), results on heating salicylic acid alone to 200°- 
220®, with the elimination of water and carbon dioxide ; from salicylic 
acid, phenol, and POCI3 ; from poly-salicylide on heating with phenol, 
or when phosgene acts upon the sodium salts of salicylic acid and 
phenol. It is applied as an antiseptic. It changes to xanthone, or 
diphenylene-ketone oxide, when it is heated. When sodium salol 
CeH4(dNa).C02.CH2H5 (from salol and sodium) is heated to 28o®-300®, 
it changes to the isomeric sodium salt of phenyl-salicylic acid C^He 
(0.CeH5).C02H, which melts at 113®, and is not coloured by ferric 
chloride. This acid is also obtained by heating o-chloro-benzoic acid 
with alkaline phenolates, in the presence of copper (B. 38, 2111). 
Phenyl-salicylic-acid-phenyl ester CeH 50 [ 2 ]C 6 H 4 [i]COOCeH 5 , m.p. too®, 
is formed, along with CO, and phenol, by heating phenyl-carbonate 
(CeHjOjaCO with sodium carbonate. 

Acetyl-salicylic acid CH3CO.O.C3H4COOH, m.p. 135®, is used as an 
anti-neuralgic, under the name aspirin. The anhydride, m.p. 85®, is 
formed from the acid with SOCI2 or COClj in pyndiii solution (C. 1908, 
II. 996). 

Carbo-methoxy-salicylic acid CH30C0.0[2]CeH4[i]C00H, m.p. 
-55^ with decomposition, from salicylic acid, chloro-carbonic ester, and 
dimethyl-aniline (B, 42, 218). 

Salicyl-acetic acid C 3 H 4 (OCH 2C00H)C00H, m.p. 190®, is prepared by 
oxidising ^dehydo-phenoxy-acetic acid, and from the sodium salts of 
several acid derivatives of salicylic acid with chloracetic ester and sub- 
sequent saponification. The esters of the acids are condensed by sodium 
to keto-cumarane-carboxylic esters (B. 83 , 1398 ; C. 1900, II. 461). 

Saiicyl chloride HO.C3H4COCI is not known. It is true that PCI5 
acts very energetically upon salicylic acid, but the resulting phosphor- 
oxy-chloride is transposed by the phenol-hydroxyl, with evolution of 
hydrochloric acid : 


ffilCOOH PCI, _ XJ /[OCOCl P 0 C«. ffilCOCl 


.[2]0H 
and there results : 
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o-Chloro-earbonyl-phenyl-orfho-phosphorie-aeid dlehloride, melting 
at 168° (ii mm.). If the PClj continues to act, this compound will 
exchange an oxygen atom for two chlorine atoms, and o-trlchloro« 
methyl-phenyl-ortho>phosphoric-acld dlehloride (CliP0)0[2]C(H4[i] 
CClj, boiling at 178® (ii mm.), will be formed. 'N^en this is heated 
with PCI5 in a sealed tube to i8o“, there results : 

o-Chloro-benzo-triehloride Cl[2]C,H4[i]CClj, melting at 30® and 
boiling at 130® (ii mm.) (A. 289 , 314). m- and p-Oxy-benzoic acids, 
as well as m- and p-cresotinic acids, behave similarly. 

If, however, the hydrogen atom of the phenol-hydroxyl is replaced by 
the carbo-methoxyl or acetyl group, then PCI5 produces the chlorides : 

Methyl-salicyl chloride CHjO[2]C4H4[i]COCl, boiling at 254® ; 
aeetyl-salicyl chloride CHjC02[2]C4H4[i]C0Cl, melting at 43® and 
boiling at 135® (12 mm.) ; also carbo-methoxy-salieyllc chloride CH, 
OCOO[2]C4H4[i]COC 1, b.p. i07®-iio®. 

When halogen atoms, nitro-groups, or methyl groups are introduced 
into salicylic acid, and then occupy the o-position with reference to 
the phenol-hydroxyl, the latter will be protected by them from the 
attack of the phosphorus oxy-chloride. Consequently, in the action 
of PCI5 free oxy-chlorides will be produced ; 

o-Cresotinic chloride HO[2]C4H3[3]CHj[i]COCl, melting at 28® ; 
S-chloro-salicyl chloride, melting at 63® ; [ 3 , 5 ]-dichloro-sallcyl 

chloride, melting at 79® ; and [ 3 , 5 ]-dichloro-nitro-salicyl chloride, 
melting at 70® (B. 30 , 221) ; also the 3, 5-dibromo- and 3, 5-di-iodo- 
chlorides (A. 346 , 300). 

The influence of substituents in the vicinity of the phenol-hydroxyl 
group is manifested in other ways, as in that of the esterification of 
[2, 6]-substituted benzoic acids with alcohol and hydrochloric acid. 

Salicylo-phosphoric chloride melting at 30® and 

boiling at 167° (ii mm.), is readily formed when PCI3 acts upon salicylic 
acid at 70® (A. 239 , 301). All substituted salicylic acids react similarly 
(B. 80 , 221). 

Salicylo-salicylio acid HO[2]C3H4[i]COO[2]C4H4[i]COOH, m.p. 
148®, is formed by careful treatment of salicylic acid and its salts with 
SOClj, PCI3, COCI3, etc. It is used in medicine under the name 
diplosal (C. 1909, II. 1285). 

Salicylides . — An intramolecular anhydride of salicylic acid of the 

CO 

formula C,H,<^ ^ is unknown, but several polymers of this hypo- 
thetical simplest salicylide have been prepared : 

Di-salicylide c.H/ C,H«, needles, m.p. 201®, produced by con- 


ducting phosgene into a pyridin solution of salicylic acid (B. 84 , 2951). 


Tetra-salicylide 


0 . C,H4.C00.C,H4.C0 

1 I , m.p. 260 , and poly-sailcylide 
C 0 .C,H 40 .C 0 .C.H 40 


(C, 11403),, m.p. 322®-325®, are produced when POCl, acts upon 
salicylic acid in xylol solution. The two compounds are separated 
by means of boiling chloroform, with which the tetra-salicylide forms 
a compound, salicylide chloroform (C,H40,)4.2CHCl3, crystallising in 


beautiful quadratic octahedra, which contain 33 per cent, of chloroform. 



332 


ORGANIC CHEMISTRY 


loosely combined as chloroform of crystallisation. This body has been 
used technically in the preparation of pure chloroform (Anschutz, 
A. 278 . 94). oCresotinic acid and the o-haloid-salicylic acids behave 
similarly (B. S5» 3644). Concerning later molecular- weight determina- 
tions of tetra-s^cylide, see A. 367 , 164. 

Salicyl-amide HO.CjH 4 .CONH 2 melts at 138® (B. 24, 138). If 
phosgene is allowed to act upon a pyridin solution of salicyl-amide, 
we obtain salicylic nitrile (see below) and earbonyl-salioyl-amide 
-CO.NH 

C,H4\o^O* 227®, which is more easily obtained from chloro- 

carbonic ester with salicyl-amide in pyridin (B. 35 , 3647). The 0 -acyl- 
salicylic amides are unstable, and, on fusing, or heating with pyridin, 
they easily pass into the isomeric N-acyl compounds : 

AcOCeH4CONHj ► HOCeH4CONHAc. 

Under certain conditions this migration of the acyl residue is 
reversible (B. 40, 3506). Bromine and alkali transpose salicyl-amide 
into carbonyl-amido-phenol, which is further brominated to dibromo- 
carbonyl-amido-phenol (C. 1900, I. 255). 

SalicyUaniiide C4H4(OH)CONHC4H5 changes, when heated in dry 

condition, to acridone ^0,114. It is very probable that 

it is at first rearranged into phenyl-anthranilic acid (B. 29 , 1189). 
SalicyUhnitrile HO.C4H4.CN, m.p. 98®, is obtained from salicyl-aldoxime 
and acetic anhydride (B. 26 , 2621 ; 27 , R. 134 ; 31 , 3087). 

Salicylic-acid hydrazide HO.C4H4CONH.NH2, m.p. 147®, gives with 
HNO2 salicylic-acid azide HO.C4H4.CON3, m.p. 27®, crystals of a pene- 
trating odour. Salicyl-uric acid HO.C4H4CO.NHCH2COOH, m.p. 170®, 
occurs in urine after taking salicylic acid (A. 97 , 250) ; synthetically. 
It is prepared from salicylic-acid azide or carbo-methyoxy-salicylic-acid 
chloride and glycocoll (B. 42 , 219). 

Thio-salicylic acid, and its derivatives, have lately acquired great 
industrial importance on account of their easy conversion into indigoid 
sulphur dyes ; see Thio-indigo, and A. 351 , 390. 

Thio-salicylic acid HS[2]CeH4[i]COOH, m.p. 164® (?), is formed 
(i) from diazotised anthranilic acid by transposition with potassium 
xanthogenate or sulpho-cyanate, or alkali polysulphides, and reduction 
of the resulting compounds: C02HC4H4S.C.S0C2ir5, CO2HC4H4SCN, 
(C02HC4H4)2S2 ; (2) from chloro- benzoic acid by heating with alkaline 
sulpho-hydrates or alkaline sulphides with addition of powdered copper 
(German patent 189,200) ; (3) by reduction from the unstable o-sulpho- 
benzoic dichloride. By oxidation, it is easily converted into dithio- 
salicyiic acid S 2 (C 4 H 4 COOH) 2 , m.p. 289® (B. 31, 1665). 

Methyi-thio-salicylic acid CH3SC4H4COOH, m.p. 169®, is formed 
by the action of dimethyl sulphate or methyl iodide upon alkaline 
solutions of thio-salicylic acid, di-thio-salicylic acid, o-rhodano-benzoic 
acid, etc. On melting with alkalies, with addition of a condensing agent 
like disodium cyanamide, sodium-lead, etc., it passes into thio-indoxyl 
(German patent 200,200). 

Acetylene-bis-thlo-sallcylic acid CO2HC4H4S.CH : CH.SC4H4COOH, 
formed by the action of acetylene dichloride upon the alkali salts of 
thio-salicylic acid. With an acid condenser it gives thio-indigo. 
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PhenyMhio-glycol-o-earboxylic aeid HOCO[i]CeH 4 [ 2 ]S.CH 2 COOH, 
m.p. 213°, is obtained (i) from thio-salicylic acid and monochloracetic 
acid ; (2) by the action of thio-glycollic acid upon o-diazo-benzoic acid. 
Its nitrile, m.p. 140®, is formed from o-amido-thio-phenol by transposi- 
tion with monochloracetic acid, and replacement of the amido-group 
by the cyanogen group, through the diazo-compound (A. 851 , 412). 
On heating with alkali, the phenyl-thio-glycol-o-carboxylic acid and 
its nitrile pass into thio-indoxyl-carboxylic acid, which is easily con- 
verted into thio-indigo by splitting off CO 2 and oxidation : 


fCOOH 
y S CH.COOH 


C,H4 COOH 




Phenyl - thio - salicylie aeid CeH5SCeH4COOH, m.p. 167®, from 
o- chloro-benzoic acid, sodium thio-phenol, and copper. Gives thiox- 
anthone on warming with concentrated H2SO4 and acetic anhydnde 
(A. 263 , 2 ; B. 37 , 4526 ; C. 1905, I. 1394). Thio-salicylic-phenyl 
ester HSC4H4CO2C4H5, m.p. 91®, from thio-sahcylic acid, phenol, and 
POCI3 (B. 42 , 1134). 

Diphenyl - sulphide - 0 , 0 - dicarboxylic acid S(C4H4COOH) 2, m.p. 
230®, by heating thio-salicylic acid with o-chloro-benzoic acid and 
copper (B. 48 , 588). 

Substituted Salicylic Acids . — ^The 5-derivatives of the mono-sub- 
stitution products are the most readily prepared. 3-Derivatives are 
formed simultaneously. Of the di-substituted salicylic acids, the 3, 5- 
derivatives are most easily made. In them the substituents enter the 
o p-position, referred to phenol-hydroxyl. 5-Chloro-, 5-bromo-, 5-iodo-, 
and 5-nitro-salicylic acids melt at 172®, 164®, 196®, and 228® respectively. 

5-Nitroso-salicylic acid, m.p. 156® with decomposition, blue-green 
crystals, from 5-nitroso-methyl-anthranilic acid on boiling with NaHO. 
It may be regarded as possible quinone-oxime-carboxylic acid (B. 42 , 

2757)- 

3-Chloro-, 3-bromo-, 3-iodo-, and 3-nitro-salicylic acids melt at 

178°, 220°, 193°, and 144° respectively (B. 33 , 3240). 

3-Nitro-salieylie acid is prepared synthetically from nitro-malone- 
aldehyde and aceto-acetic ester (C. 1900, II. 560). 

3, 5-Dichloro-, 3, 5-dibromo-, 3, 5-di-iodo-, and 3, 5-dinitroso- 
saiicylic acids melt at 214°, 223°, 220°-230° with decomposition, and 
at 173° respectively. An anhydride, melting at 187° (B. 30, 223), has 
been prepared by the action of the chloride of 3, 5-^chloro-salicylic 
acid upon the silver salt (B. 30, 223 ; A. 346, 307). For other halogen- 
substituted salicylic acids, see B. 38, 3294. 

3-Amido-salicylic acid NH,[3]C,H,[2](OH)COOH, see /. pr. Ch. 2, 
61, 532. 5-Amido-saiicyiie acid NH2[5]C,H,[2](OH)COOH is formed 
by reduction of benzol-aio-salicylic acid C,H,N,C(ll,(OH)CCX)H (C. 
1906, II. 1058). 

By diazotising, and successive combination with a-naphthyl-amine 
and with a-naphthol-sulphonic acid, diamond black is obtained ; by 
reduction of the diazo-compound, hydrailn-saiicylic acid NHjNHCjH, 
(OH)COOH, m.p. 148“ (B. 82 , 81 ; C. 1900, 1 . 205). 5-DietliyHiyeo- 
coli- amide -salicylic methyl ester (C,H,),NCH,CO.NH.C,H,(OH) 
COOCHj is recommended as a local anaesthetic, and called nirvanin. 
Sulpho-salleylie acid (SO,H)C(H,(OH)COOH, and nitro-sulpho-salicylic 
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see B. 88, 3238 ; /. pr. Ch. 2 , 61, 545 . Amido-sidpho-salloylle aold 

is formed from nitro-sdicylic acid with Na bisulphite (C. 1901, II, 716). 

m-Oxy-bencoic acid HO[i]C0H4[i]CO2H, m.p. 200®, sublimes with- 
out decomposition. p-Oxy-benzoie acid H0[4]CeH4[i]C02H melts, 
when anhydrous, at 210® with partial decomposition into carbon dioxide 
and phenol. Its methyl ester melts at 131® and boils at 270®~28o® 
(B. 27 , R. 570). The two acids are obtained from their corresponding 
amido- and hadoid benzoic acids by methods i and 2. See above for 
the production of p-oxy-benzoic acid, together with salicylic acid, by 
methods 8 and 9. p-Oxy-benzoic acid is also obtained from many 
resins by fusing them with caustic potash. For the behaviour of m- 
and p-oxy-benzoic acids with PCI5, consult above. Compare A. 261 , 
236, for the action of chlorine upon the three oxy-benzoic acids. 

m-Oxy-p-amido- and m-amido-p-oxy-benzoic methyl ester, m.p. 
12 1 ® and III®, are known as local anaesthetics, under the names 
orthofonn and new orthoform (A. 311 , 26). 

Anisic acid, p-meihoxy-henzoic acid CH30[4]C4H4[i]C02H, m.p. 
185® and b.p. 280°, is, like benzoic and salicylic acids, one of the acids 
which has been long known. It is isomeric with methyl-salicylic ester 
amd the other monomethyl derivatives of the oxy-benzoic acids in 
general, as well as with the oxy-phenyl-acetic acids. Anisic acid is 
easily obtained, hence numerous transposition products of it are known. 
It is prepared by oxidising anethol, the chief ingredient of anise oil, and 
other ethereal oils containing anethol with dilute nitric acid, or 
with a chromic acid mixture. Synthetically, it is obtained from 
p-bromo-anisol, Mg, and COj (C. 1903, I. 636). 

Nitrile, m.p, 60®, b.p. 257®, from p-nitro-benzo-nitrile with sodium 
methylate. Also from anisamide with PCI5, and from anisol, BrCN, 
and AICI3 (B. 83 , 1056 ; 36 , 648 ; C. 1900, 1 . 130). 

History , — Cahours (1839) discovered anisic acid when he oxidised 
anise oil (A. 41 , 66). Kolbe at first considered it methoxy-benzoic acid, 
because when it was distilled with caustic baryta it broke down into 
CO2 and anisol. Saytzew (1863) found that when anisic acid was 
heated with hydriodic acid it yielded an acid different from salicylic 
acid, yet isomeric with the latter (A. 127 , 129). This was subsequently 
found to be p-oxy-benzoic acid. In 1867 Ladenburg showed that 
anisic acid could be prepared by saponifying the dimethyl ether ester 
of p-oxy-benzoic acid (A. 141 , 241). 

Oxy-toluic Acids or Cresotinie Acids CH3.C4H3(0H).C02H. — The 
ten possible isomerides are known (B. 16, 1966). They are isomeric 
with the three oxy-methyl-benzoic acids, or benzyl-alcohol-carboxylic 
acids, and phenyl-glycollic acid, or almond acid. They have been pre- 
pared from the toluic acids by methods i and 2, from the oxy-aldehydes 
by method 6, and from the cresols by methods 8 and 9. 

Homo-salicylic adds : Methyl-m-oxy-benzoio adds : 

CH2[3]C,H,r2, i](OH)COOH. m.p. 163^ CH8[2jC,H,[3. i]{OH)COOH, m.p. 183®. 

CH,[4]C8H,[2, i](OH)COOH, „ 177°. CH3[4]C,H3[3, i](OH)COOH, 206°. 

CH2[5]C,H2[2. i](OH)COOH. .. I5l^ CHsLslC.HaLa, i](OH)COOH. „ 2o8^ 

CH, 16 ]C 4 H,[ 2 , i](OH)COOH, i68«. CH3[6]C,H3[3. i](OH)COOH, I84^ 

Mcthyl-p-ozy-benzoio adds : 

CH2[2]C.Ha[4. i](OH)COOH. m.p. 177®. CHjbJC.HaU, i](OH)COOH, m.p. lyi*. 
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Those isomerides, containing the hydroxyl ^oup in the ortho-posi- 
tion with reference to carboxyl, are coloured violet by feitic chloride, 
just like salicylic acid. They dissolve easily in cold chloroform and are 
volatile with steam. See above for their behaviour towards PCI5, PCI3, 
POCI3, etc. yMethyl-homo^salicylic acid yields an o-homo-salicylic 
or o-cresotide chloroform (A. 273 , 88) similar to salicylide chloroform. 
5-Methyl-m-oxy-benzoic acid, prepared synthetically by the action of 
baryta water upon acetone-oxalic ester (B. 22 , 3271), yields by nitration 
nitrococcic acid or 2, 4, 6-trinitro-m-oxy-m-tolmc acid, melting at 180°, 
which is also formed when carminic acid, the dye of red cochineal, is 
oxidised (B. 26 , 2648). The 6-methyl-m-oxy-benzoic acid is best ob- 
tained by heating j 3 -naphthol- 6 , 8-disulphonic acid with 50 per cent. 
NaHO to 26 o°-28o° (A. 350 , 253). When the three isomeric creso- 
tinic acids, or, better, their dibromo-substitution products, are reduced 
with sodium and amyl alcohol, the ring is ruptured and a-, jS-, and 
y-methyl-pimelic acids are produced (A. 295 , 173). 

0- and p-Oxy-mesItylenic acids H0.C3H2(CH3)2C02H melt at 179® 
and 223° (A. 206 , 197; 311 , 372). The former is obtained by nuclear 
synthesis, through condensation of a-methyl-j 5 -ethyl-acrolein with 
malonic ester, and treatment of the product with sodium alcoholate 
(A. 358 , 71) : 

CH3 CH3 

CH— CH2 ROCO -H.O CH— C=COH 

CHg.C CHO'^ HjC— CO2R -ROh"^ CH3 C CH=C.COaR. 

Similarly, we obtain from citral (q.v.) and malonic ester 3 -iso- 
amenyl- 4 -methyl-salioylic acid, m.p. 167®. 

The trimethyl-oxy-benzoic acids (B. 21 , 884), as well as ethyl- 
methyl-oxy-benzoic acids (A. 195 , 284) , are also knowm. The correspond- 
ing iso-propyl-oxy-benzoic acids — thymo- and iso-oxy-cumic acids, 
melting at 142° and 94® (B. 19 , 3307) — result upon fusing carvacrol and 
thymol with caustic potash. 

Different isomeric p-methyl-iso-propyl-oxy-benzoic acids (CH3) 
(C3H7)C3H2(0H)C00H : thymotic and carva-crotinic acids have been 
made by introducing the CO 2 group into thymol and carvacrol. See 
B. 28 , 2795, for the derivatives of thymotic acid. 

The oxy-phenyl- fatty acids attach themselves to the alkyl-substituted 
oxy-benzoic acids. They are produced (i) by diazotising the corre- 
sponding amido-phenyl-fatty acids, and then decomposing the diazo- 
derivatives with boiling water; (2) by saponifying the oxy-benzyl 
cyanides. 

The o-oxy-acids, in which the phenol-hydroxyl group occupies the 
y- or 8-position with reference to the carboxyl group, are, in contrast to 
the corresponding o-amido-fatty acids, capable of existing, but when 
heated they part with water and yield y- and 8-lactones (Vol. L). 

The oxy-phenyl-acetic acids HO.C3H4.CH2.CO2H are isomeric with 
the ten oxy-toluic acids (see these), with the three oxy-meth3^1-ben2oic 
acids, and with the mandelic acids. o-Oxy-phenyl-acetic acid, bearing 
close relationship to oxindol and isatin (j.v.), is also obtained from 
o-oxy-mandelic acid by reduction with hydriodic acid. Ferric chloride 
colours it violet. It passes into its lactone (see below) when it is 
heated. p-Oxy-phcnyl-acetic acid occurs in urine, and arises from the 
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decomposition of albuminous bodies as well as in that of sinalhin, 
occurring in the seeds of white mustard (B. 22 ^ 2137). 

0 -, m-, and p-Oxy-phenyl-acetfc acids melt at 137®, 129®, and 148®. 
m- and p-Oxy-phenyl-aoeto-nitrile melt at 52® and 69® (B. 22 , 2139). 

6 , 2-Nitro-oxy-phenyl-acetic acid, m.p. 149®, is obtained, syntheti- 
cally, by condensation of nitro-malonic aldehyde and laevulinic acid 
(C. 1900, II. 560). 

Oxy-phenyl-propionic acids. — Four of the six theoretically possible 
acids are known. 

Phloretic acid, p-oxy-hydratropic acid HO[ 4 ]C,« 4 [i]CH<(^^°*”, 

melting at 129®, is formed together with phloro-glucin, when phloretin 
(the phloro-glucin ester of phloretic acid) is digested with potassium 
hydroxide. It has been prepared synthetically from p-amido-hydro- 
atropic acid. Ferric chloride colours its solution green. Baryta 
decomposes it into ethyl-phenol ; fusion with potassium hydroxide 
produces para-oxy-benzoic acid. 

Phloretin, monophlorcHc phloro-glucin ester (H0)2CeH30.C0. 
CH(CIl3).CeH40H, melts at 254® (B. 27 , 1631, 2686). See Phlorizin. 

Hydro-cumaric acids or j3-phenol-propionic acids HO.CeH 4 .CH 2 . 
CHg.COgH result when the corresponding cumaric acids, the oxy- 
cinnamic acids, or jS-oxy-phenyl-acrylic acids are reduced with sodium 
amalgam. 

o-Hydro-cumaric acid or melilotic acid^ melting at 81®, occurs free 
and in combination with cumarin, the lactone of o-oxy-cinnamic acid, 
in the yellow melilot {Melilotus officinalis). It is produced by the 
action of sodium amalgam upon cumarin. Ferric chloride imparts a 
bluish colour to the solution. When distilled, it passes into its lactone 
— hydro-cumarin. It yields salicylic acid when it is fused with caustic 
potash. 

m- and p-Hydro-cumaric acids melt at in® and 128®. p-Hydro- 
cumaric acid is also produced in the decomposition of tyrosine. 

y- and S-Lactones of o-oxy-phenyl-fatty acids are produced when 
these acids are distilled. They correspond to the y- and 8-lactames 
described above. 


o-Oxy-phenyl-acetic acid lactone melts at 49 ® 

and boils at 23C'' (B. 17 , 975). 

Hydro-cumarin, - 0 - Oxy - phenyl - propionic acid lactone 

C4H4* melts at 25° and boils at 272®. When boiled with 

i[2]0 

water it regenerates the acid from which it was produced by 
distillation. 


B. Dioxy-monocarboxylic Acids are obtained by the same methods 
which were used in the preparation of the aromatic monocarboxylic 
acids. The carboxyl group is more readily introduced into the dioxy- 
benzols than into the monoxy-benzols. This occurs upon heating the 
bodies with a solution of ammonium or sodium carbonate to 100® or 


130® (B. 18, 3202 ; 19, 2318 ; A. 851, 313). The dioxy-benzoic acids 
break down, when heated, into carbon dioxide and dioxy-benzols. 

Dioxy-benzoic Acids. — The six possible isomerides are known. The 
most important member of this class is : 
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Proto - oateohuic acid, 3, ^^dioxy - benzoic acid (HO) £[3, 4lCeH, 
[i]C 02H+H20, in yellow needles, melts, when anhydrous, at 190®, and 
decomposes into pyro-catechin and carbonic acid. It occrfrs in the fruit 
of Illicium religiosum. It has been obtained from many tri-deriva- 
tives of benzene, containing substituents in the 3, 4-position with 
reference to a side chain, by fusing them with caustic potash — e,g, from 
the corresponding bromo- and iodo-p-oxy-benzoic acids, bromanisic 
acid, p- and m-cresol-sulphonic acid, sulpho-p- and sulpho-m-oxy- 
benzoic acids, from eugenol, piperic acid (compare also piperonylic 
acid), etc., as well as from various resins (benzoin, asafoetida, myrrh, 
and, particularly, kino) on fusion with potassium or sodium hydroxide. 
The latter resin readily yields large quantities of the acid (A. 177 , 188). 
Compare further phloro-glucin ethers of pyro-catechuic acid. It is also 
produced by the action of bromine upon quinic acid in aqueous solution. 

The two possible pyro-catechuic monocarboxylic acids are produced 
when pyro-catechin is heated to 140® with a solution of ammonium 
carbonate. 

Ferric chloride colours the solution green ; after the addition of a 
very dilute soda solution it becomes blue, later red (all derivatives con- 
taining the proto-catechuic residue (OH)2CeH3.C (B. 14 , 958) react 
similarly). Ferrous salts colour its salt-solutions violet. It reduces 
an ammoniacal silver solution, but not an alkaline copper solution. 
Diproto-catechuic acid Ci4Hi(,07, is a tannic acid which results on boil- 
ing proto-catechuic acid with aqueous arsenic acid. It is very similar 
to common tannic acid, but is coloured green by ferric oxide. It forms 
a compound with p-oxy-benzoic acid by the union of equimolecular 
quantities (A. 134 , 276 ; 280 , 18). 

See Naphthalene ring formations for the conversion of substituted 
proto-catechuic acids, by oxidation with nitric acid, into derivatives 
of ) 3 -nnphtha-quinone. 

The phenol ethers of proto-catechuic acid are : 

f[i]CO,H f[i]CO,H f[i]CO,H f[i]CO,H 

C.H 3 J [3]0CH3 C.H 3 ] [3]0H C,H,] [3]0CH3 C,H 3 , 

([4]0H i[4]OCH3 i[4]OCH3 ( [4]o/ * 

Vanillic acid Iso- vanillic acid Veratric acid Piperonylic acid. 

These alkyl- and alkylene-ether acids are formed w^hen proto-catechuic 
acid is treated with CH3I, CH2I21 and CHjBr.CHjBr and caustic potash, 
as well as by oxidising the corresponding ethers of proto-catechuic 
aldehyde. The proto-catechuic acid can be regained from them upon 
heating with hydrochloric acid to 150°, when the dimethyl-ether acid 
will yield at first the two monomethyl-ether acids ; whereas the 
methylene ether, piperonylic acid, separates carbon in addition to 
proto-catechuic acid ; 

- CO,H.C.H,<^°U+C. 

The alkyl-ether acids break down into carbon dioxide and alkyl- 
P3rro-catechuic ethers when they are heated with lime or baryta. 

Vanillic acid, m-methyl-proto-catechuic acid, melting at 211®, sublimes. 
It is obtained by the energetic oxidation of its aldehyde, vanillin, also 
from coniferin, as well as by the decomposition of acekhvanillic acid, 
VOL. II, Z 
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melting at 142®, the oxidation product of aceto-eugenol, aceto-ferulic 
acid, and aceto-homo-vanillic acid, when they are treated with potassium 
permanganate. Its nitrile melts at 87° (B. 24 , 3654). 

Iso-vanillie acid, p-methyUproto-catechuic acid, melts at 250®, and was 
first obtained from hemi-pinic acid (see this), or 4, 5-dimethoxy-o- 
phthalic acid upon heating with hydrochloric acid. 

Veratric acid, 3, 4-dimethoxy-benzoic acid, melting at 179*5®, occurs, 
together with veratrin (see the alkaloids), in the sabadilla seeds (from 
Veratrum Sabadilla). 

Diethyl-proto-catechuic acid melts at 149®. 

Piperonylic acid, methylene-proto-catechuic acid, melting at 228®, is 
also formed by oxidising a-homo-piperonylic acid, obtained from safrol, 
as well as from piperonal and proto catechuic acid (see this). It breaks 
down when heated with hydrochloric acid (see above). By the action 
of PCI5, and subsequent treatment with cold water, it can be 
converted into the carboxylate of proto-catechuic acid, and into the 
latter itself by saponification (C. 1908, I. 1689). Its nitrile melts at 
95® (B. 24 , 3656). 

Ethylene-proto<atechuic acid melts at 133®. 

The phloro-glmin ethers of proto-catechuic acid are probably certain 
vegetable substances which, upon fusion with caustic potash, break 
down into phloro-glucin and proto-catechuic acid. They are also 
related to ihe flavones {q.v.) , belonging to the pyrone group. They are : 

Luteolin CisHjoOe (B. M, R. 647, 848), occurs in Reseda luteola and 
crystallises in yellow needles. Ferric chloride colours it green. 

Catechin, from catechu, and Haclurin or moringa tannic acid 
Ci3HioOe+H20, from yellow wood, Morus tinctoria, are generally 
included among the tannic acids. Proteaic acid C9H10O4 appear^ to 
be a homologue of proto-catechuic acid. It is present in Protea meUifera 
(B. 29 , R. 415). 

Pyro - catechin - 0 - carboxylic acid, 2, ydioxy-benzoic acid (HO) 2 
C9H3C02H-h2H20, melts at 199® when anhydrous. It readily breaks 
down into CO2 and pyro-catechin, from which it is formed, together 
with proto-catechuic acid, by the action of ammonium carbonate (A. 220 , 
116). It also results when 3-ioffo-salicylic acid is fused with caustic 
potash. 

Resorcinol-monocarboxylic Acids. — There are three. Sym. dioxy- 
benzoic acid results on heating sym. disulpho-benzoic acid with caustic 
potash, and the other two acids are produced when resorcinol is treated 
vnth ammonium dicarbonate or potassium dicarbonate solution (B. 18 , 
1985; 18,2379). 

The a-compound is not coloured by ferric chloride ; whereas the 
jS-body is coloured a dark red, and the y-modification blue-violet, by 
the same reagent. 

a-Resorcylic acid, 3, ^-dioxy-benzoic acid (H0)2C3H3C03H-f 
iJHjO, melts at 233®. It yields anthrachrysone (q.v.) when it is 
heated with sulphuric acid. 

^Resorcylic acid, 2, 4-dioxy-benzoic acid+3li20, melts in the 
anhydrous state at 213®. See B. 28 , R. 1051 ; 29 , R. 30, for the ethers 
and esters of the acid. 

It is converted in glacial acetic acid solution by chlorine into 
hexachloro-m-diketo-hexene (B. 25 , 2687). The nitrile melts at 175®. 
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y-Resorcylic acid, 2, 6 -dtoxy-benzoic acid, melts at i48°-i67®, and 
breaks down into COj and resorcinol. 

Gentisinic acid, hydroqulnone-carboxylle acid, 2, ^•dioxy-benzoic 
acid, melts at 200®, and at 215° breaks down into carbon dioxide and 
hydroquinone. It was first prepared from gentisin, a xanthone deriva- 
tive, together with phloro-glucin, on fusing it with caustic potash. It 
is obtained from 5-bromo-, 5-iodo- and 5-amido-salicylic acids ; also 
from hydroquinone and from gentisinic aldehyde (B. 14 , 1988). It is 
most easily obtained by oxidation of salicylic acid with potassium 
persulphate in alkaline solution (A. 840 , 213). Ferric chloride colours 
it a deep blue and is decomposed into COg and quinone (B. 18 , 3499). 

The Dioxy-toluic Acids (H0)2CgH2(CH3)C02H are isomeric with 
the dioxy-phenyl-acetic acids. The most important of the known 
acids of this class is orsellinic acid, 2, 6-dioxy-p-toluic acid, which 
melts at 176® and breaks down into CO2 and orcin. It is obtained 
from orsellic acid upon boiling the latter with water, or from erythrin 
with baryta water. It is coloured violet by ferric chloride. 

Orsellic acid, diorsellinic acid or lecanoric acid CieH,407, melting 
at 153°, is an ether-like anhydride of orsellinic acid (HO)2.CgH2(CH)3. 
C0.0CeH2(0H)(CH3)C02H (?). It is found in different mosses of the 
varieties Roccella and Lecanora. Boiling water converts it into 
orsellinic acid. 

Erythrin C2oH220io+iiH20, erythrinic acid, is an ether derivative 
of diorsellinic acid and erythrite. It occurs in the lichen Roccella 
fuciformis, which is applied in the manufacture of archil, and is extracted 
from it by means of milk of lime. When it is boiled with water it 
breaks up into orsellinic acid and — 

Picro-erythrin C|2Hie07+H20, which, boiled with baryta water, 
yields erythrite, orcin, and carbon dioxide : 

Erythrin C,oH„Oio + H,0 = (H 0 ),C,H,(CH 3 )C 0 ,H + C,,H,«0, 

= (HO),C,H3CH3+CO,+C4He(OH)4 Erythrite. 


Bvemlnlc add C 3 Hio 04 =(HO) 2 CeH(CH 3 ) 2 C 02 H (?) is produced, 
together with orsellinic acid, on boiling evernic acid (from Evernia 
prunastris) with baryta. It melts at 157®, and is coloured violet by 
ferric chloride. 

Dioxy-durylic acid, pseudo-cumene-hydroquinone-carboxylic acid 
(H0)2[2, 5]C3[3, 4, 6](CH3)3C02H, melts at 210° when rapidly heated, 
and results from the reduction of durylic acid quinone, pseudo-cumene- 
quinone-carboxylic acid 02[2, 5]C3[3, 4, 6](CH3)3C02H, which decom- 
poses at 130®, and is obtained by the action of ferric chloride upon a 
hydrochloric acid solution of diamido-durylic acid (A. 237 , ii). 

Dioxy-phenyl-fatty Acids. — Certain dioxy-phenyl-acetic acids and 
dioxy-phenyl-propionic acids in this group are interesting. 

a-Homo-proto-oateehule acid and its ether acids have their side 
groups occup5dng the same positions as those of proto-catechuic acid 
and its ether acids : 


(CH,.CO,H (1) 

C,H3 oh (3) 

I OH ( 4 ) 

a-Homo-proto-catechuic 
acid, m.p. izy"* 


|CH,.CO,H (I) 
C4H3 O.CH3 (3) 

\ou U) 

a-Homo- vanillic acid, 
m.p. 142® 


/[i]CH,.CO,H 
0«H3 [3]0\ pu 

a-Homo-pipcronylic 
acid, m.p. 127®. 
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The aceto-a-homo-vanillic acid and a-homo-piperonylic acid result in 
the moderated oxidation of aceto-eugenol (q,v,) and safrol {q,v) with 
KMnOi. The former melts at 140®, and is converted by caustic soda 
into a-homo-vanillic acid, which hydrochloric acid, at 180®, changes to 
o-homo-proto-catechuic acid (B. 10 , 207 ; 24 , 2882). 

a-Homo-vanillic acid and a-homo-piperonylic acid have also been 
obtained from the condensation products of vanillin and piperonal 
with hippuric acid, by transformation into the corresponding pyro- 
racemic acids and oxidation with HjOj (A. 370 , 372). a-Homo-proto- 
catechuic acid is best prepared from the cyano-hydrin of methyl- 
vanillin by boiling with HI (B. 42 , 2949). 

Homo-veratric acid (CH30)2[3, 4]C3H3[i]CH2COOH, m.p. 99®. 

2 , 5-Dioxy-phenyl-acetic acid, homo gentisinic acid, m.p. 147®, is 
found in human urine during alcaptonuria. It crystallises with 
one molecule HgO, and has been S5mthesised from the corresponding 
dimethoxy-phenyl-aceto-nitrile, and from 2, 5-dioxy-mandelic acid by 
boiling with HI (C. 1907, IL 901). 

Sym. dioxy-phenyl-acetie acid (HO)2[3, 5]CeH3[i]CH2.C02H+H20 
melts at 54°. 

The triethyl ester, obtained from the dicarboxylic acid derived 
from this acid, is produced by the condensation of acetone-dicarboxylic 
ester with sodium. It melts at 98°, and 5delds dioxy-phenyl-acetic acid 
upon saponification. It yields orcin when its silver salt is heated. 

Hydro-cafleic acid, or ^-‘i,^-dioxy-phenyUpropionic actV?, corresponds, 
like a-homo-proto-catechuic acid, in the same arrangement of the substi- 
tuting groups, to proto-catechuic acid : 

( [i]CH,CH,CO,H ( [i]CH,CHgCO,H ( [i]CH,CH,CO,H ( [i]CH,CH,CO,H 

C.hJ [ 3]0CH, C,H, l3]OCH, C.H.l [3)OH C.H, ! [3]0^cH 

lUlOCH, lUlOH lr4]OC’H, ’ 

Hydro-caffefc dimethyl- Hydro-leruhc acid, Hydro-iso-feruhc acid, Hydro-caffcic methylene- 
ether acid, m.p 96® m p. 89® m p 164“ ether acid, m p. 81®. 

Hydro-caffeic acid itself, and its ether acids, are formed from the 
corresponding [3, 4]-dioxy-cinnamic or caffeic acid, and their deriva- 
tives — fenilic and iso-ferulic acids — by reduction wi^ sodium amalgam 
(B. 11 , 650 ; 13 , 758). The m#"thyiene-ether acid is also produced by 
oxidising j 3 -hydro-piperic acid (q.v.) (B. 20 , 421). Ferric chloride 
colours hydro-caffeic acid the same as it does proto-catechuic acid. 

Hydro-umbellic acid, j3-2, 4-dtoxy-phenyl~propionic acid (HO) 2 
[2, 4JCeH3.CH2.CH2.CO2H, decomposes at no®. It is obtained from 
umbelliferone, the Wactone of [2, 4]-dioxy-cinnamic acid, by the action 
of sodium amalgam. Ferric chloride colours it green. 

Hydroquinone-propionie acid {HO)2[2, sJCeHeCHgCHjCOgH ; its 
lactone melts at 163® ; obtained by oxidation of o-hydro-cumaric 
add with potassium persulphate in alkaline solution (C. 1907, II. 
901). 

Trioxy-benzoie acids (H0)3CeH2C02H. Three of the six possible 
isomerides are known. The most important is — 

Gallie add (H0)3[3,4,5]CeH,C02H+H20. It melts and decom- 
poses about 220® into CO, and pyrogalloL It occurs, free, in tea, in 
the fruit of Ccesalpina coriaria {Divi-divi), in mangoes, and in various 
other plants. It is obtained from the ordinary tannic acid (tannin) 
by boiling it with dilute acids. It is prepared artificially from bromo* 
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o-m dioxy-benzoic acid and bromo-proto-catechuic acid when fused 
witii potassium hydroxide. 

Gallic acid crystallises in fine, silky needles. It dissolves with 
difficulty in cold water, but readily in hot water, alcohol, and ether. 
It has a faintly acid, astringent taste. It reduces both gold and silver 
salts (hence its application in photography). Ferric chloride throws 
down a blackish-blue precipitate in its solutions. 

The solutions of its alkali salts absorb oxygen when exposed to the 
air, and, in consequence, become brown in colour. 

Rufigallic acid, a derivative of anthracene ig.v.), is obtained by 
heating gallic acid with sulphuric acid. 

Oxidising agents, such as arsenic acid and iodine, convert gallic 
into ellagic acid, probably a dilactone of a hexaoxy-diphenyl-dicar- 

boxylic acid (M. 29 , 263). It is easily obtained in the 

oxidation of tannin with HjO, besides the so-called luteic acid, the 

monolactone corresponding to ellagic acid. On dis- 

0 *““C,Ai (Oxi) ,00, Xx 

tillation with zinc dust, ellagic acid yields fluorene (y.r.). 

In alkaline solution gallic acid is converted into galloflavin (q.v.), a 
yellow dye of the xanthone group. Hydrochloric acid and potassium 
chlorate decompose the acid into iso-trichloro-glyceric acid or trichloro- 
pyro-racemic acid (Vol. I.). 

Basic bismuth gallate (H0)3CeH2C02Bi(0H)2, under the name 

dermatol, is applied as an odourless drying antiseptic. 

Basic bismuth oxy-lodide gallate {H0)3CeH2C02Bi(0H)I is used as 
a substitute for iodoform under the name of Airol. 

Ethyl-gallic ester (H0)3C3H2C02C2H5 melts at 141® when anhydrous. 
Trimethyl- and triethyl-gallic-ether acids (R'0)3C3H2 COjH melt at 
168° and 112°. The trimcthyl-ether acid, heated with HCl, yields 
3 , 5 -dimethyl-gallo-etheric acid H0[4]{CH30)2[3, 5]CeH2COOH, m.p. 
202°, identical with syringa acid and also obtained from sinapinic acid 
or oxy-dimethoxy-cinnamic acid by oxidation. 4-Methyl-gallo-etheric 
acid, m.p. 240°, from gallic acid with dimethyl sulphate (B. 36 , 
215, 660). 

Hethylene-methyl-gallic-etheracid,myristicinic acid (CH30)(CH202). 
CgHgCOgH melts at I30°-I35° (B. 24 , 3821) when it is anhydrous. 
Triacetyl-gallic acid melts with decomposition at 170®. GaUc-acid 
anilide, gallanol, has been used in medicine. This is true also of 
dibromo-gallic acid, or galMromol, melting at 140®. 

Pyrogallol-carboxyllc acid (HO)3[2, 3, 4]— C3H2CO2H+JH2O is 
prepared by heating pyrogallol with potassium bicarbonate (B. 18 , 
3205). It decomposes at i95®-200®, but sublimes without decom- 
position in a current of carbon dioxide. Ferric chloride colours it 
violet. Triethyl-pyrogallol-carboxylic acid C3H2(0.C2H5)3.C02H melts 
at 105®. It results in the oxidation of triethyl-daphnetic acid (g.v,). 

Phloro-glucin-carboxyllc acid (HO)3[2, 4, GJCeHjCOjH+HjO decom- 
poses even at 100®, also when boiled with water, into carbon dioxide 
and phloro-glucin, from which it is obtained by boiling with a potassium 
carbonate solution (B. 18 , 1323). For ethers of phloro-glucin-carboxylic 
acid, see C. 1903, 1 . 966. 

An oxy-hydroquinone-carbozyllc acid (0H)3[i, 2, 4]C2H2COOH, m.p. 
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2I7®-2i 8® with decomposition, is formed from oxy-hydroquinone 
on boiling with bicarbonate solution and passing CO, (B. M, 2840). 
Triethyl-oxy-hydroquinone-ether acid (C,H50)a[2, 4, 5]CeH,CO,H, 
I34®> results upon treating a- or j 3 -aesculetine-triethyl-ether acid 
with potassium permanganate (B. 16 , 2113). Trlmethyl-oxy-hydro- 
qulnone-ether acid, asaronlc acid, m.p. 144®, is formed by the oxidation 
of the synthetic asaryl-aldehyde (B. 12 , 290). 

Iridic acid, a-homo-dimeihyUgallic-ether acid (CH80)2(H0)[3, 4, 5] 
CaHjCHjCOgH, m.p. 118°, is produced, along with formic acid and 
iretol, when irigenin is decomposed with baryta water (B. 26 , 2015). 

Trimethyl-bomogallic acid, methyl-iridic acid (CH80)3[3, 4, SJC^Hj. 
CH2COOH, m.p. 120°, is formed by the oxidation of elemicin (q.v,), 
and, synthetically, from trimethyl-gallic aldehyde (B. 41 , 3662). 

Addendum : Tannic Acids. — ^The tannins, or tannic acids, are sub- 
stances widely disseminated in the vegetable kingdom. They are 
soluble in water, possess an acid, astringent taste, are coloured dark 
blue or green (ink) by ferrous salts, precipitate gelatine, and enter 
into combination (leather) with animal hides. Hence they are 
employed in the manufacture of leather, and for the preparation of 
ink. They are precipitated from their aqueous solutions by neutral 
acetate of lead. 

Some tannic acids appear to be glucosides of gallic acid — i.e, ethereal 
compounds of the same with various sugars or of their dehydration 
products. They decompose into gallic acid and grape sugar upon 
boiling with dilute acids. Others contain phloro-glucin instead of 
grape sugar. On fusing with KHO the tannic acids mostly form proto- 
catechuic acid and phloro-glucin. For the constitution of the tannic 
acids, still somewhat obscure, see C. 1899, I. 559. 

Gallo-tannic acid, tannin, occurs in large quantity (upward of 50 
per cent.), in gall-nuts (pathological concretions upon different oak 
species, Quercus infectoria, produced by the sting of insects) ; it also 
occurs in sumach {Rhus coriaria), in tea, and in other plants. 

Tannin is best obtained from gall-nuts. The latter are finely 
divided, and extracted with ether and alcohol. The solution separates 
into two layers, the lower of which is aqueous, and contains tannin 
chiefly, and this is obtained by evaporation. For further purification 
the solution, in amyl alcohol and ether, is fractionally precipitated with 
benzine (B. 31 , 3169). 

Pure tannic acid is a colourless, shining, amorphous mass, very 
soluble in water, slightly in alcohol, and almost insoluble in ether. 
Many salts — e.g. sodium chloride — precipitate it from its aqueous 
solutions, and it can also be removed from the latter by shaking with 
acetic ether. It reacts acid, and is coloured dark blue by ferric chloride 
(ink) ; gelatine precipitates it. Quantitative methods of estimating 
tannin are based on this behaviour. Ordinary tannin is optically 
active, its coefl6cient of rotation being about +60®, but it is not uniform, 
since a more strongly marked constituent can be separated out, with a 
coefficient of about 76®. Tannin appears to consist of a mixture of 
inactive digaUic acid (HO)8C2H2CO.OC2H2(OH)2COOH and its reduc- 
tion product, the optically active leuco-tannin (HO)8C2H2CH(OH). 
0C2H2(0H)2C00H, but this is contradicted by the very slight electric 
conductivity of tannin, and its apparently very high molecular weight 
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(B. 48 , 628). Dilute acids and alkalies split it up neatly into gallic 
acid, which is oxidised to ellagic acid and luteic acid by boiling in 
HgOj. Distillation with zinc dust produces diphenyl-methane. 

Digallic acid (see above) crystallises with zH^O, melts anhydrous 
at 268° to 270® with decomposition, and can be obtained from tannin 
by way of the carbethoxy-derivative. The acid behaves like tannin 
towards glue, FeClj, hydrolysis, and oxidation with HgOj. Its penta- 
acetate, m.p. 211° to 214°, yields, on reduction with zinc dust and 
glacial acetic acid, hexa-acetyl-leuco-tannln, m.p. 154®, which has also 
been isolated from the acetylation products of tannin. 

We must distinguish the digallic acid obtained from tannin from the 
digallic acids C14H10O9 obtained artificially from gallic acid with POClj, 
or arsenic acid. These were formerly believed to be identical with 
tannin, but they are distinguished from the latter by their much 
greater electrical conductivity and by their inability to become 
coagulated with arsenic acid (B. 31 , 3167). 

The penta-acetate €5405(021130)509, heated to 210®, decomposes 
with formation of pyrogallol. 

Gallyl-gallic acid C14H10O9, a keto-tannic acid, forms an oxime and 
phenyl-hydrazone. See B. 22 , R. 754 ; 23 , R. 24. 

The other tannic acids found in plants have been but little investi- 
gated ; but we may mention — 

Kino-tannin, which constitutes the chief ingredient of kino, the 
dried juice of Pterocarpus erinaceus and Coccoloba uvifera. Its solu- 
tion is coloured green by ferric salts. It yields phloro-glucin on fusion 
with potassium hydroxide. 

Catechu-tannin occurs in catechin, the extract of Mimosa catechu. 
Ferric salts colour it a dirty green. Catechin or catechinic acid C21H20O9 
+5H2O is also present in catechu. It crystallises in shining needles. 

Moringa-tannin CjjHujOe+HgO, Maclurin, is found m yellow wood 
{Morns tinctoria), from which it may be extracted (along with morin) 
with hot water. When the solution cools morin separates out ; 
maclurin is precipitated from the concentrated liquid by hydrochloric 
acid, in the form of a yellow crystalline powder, soluble in water and 
alcohol. Ferric salts impart a greenish-black colour to its solutions. 
When fused with caustic potash it yields proto-catechuic acid and 
phloro-glucin. It forms pentacidyl derivatives (C. 1897, 466). 

Morin Cj3Hg05+2H20 decomposes into phloro-glucin and resorcin. 
Nitric acid oxidises it to j 3 -resorcylic acid. Consult B. 29 , R. 646, for 
its constitution. 

The tannin of coffee €39115 gOie occurs in coffee beans and Paraguay 
tea. Gelatine does not precipitate its solutions. Ferric chloride gives 
them a green colour. It decomposes into caffeic acid and sugar when 
boiled with potassium hydroxide. Proto-catechuic acid is produced 
when it is fused with potassium hydroxide. 

The tannin of oak is found in the bark (together with gallic acid, 
ellagic acid, quercite). It has the formula CigHj^Ojo, and is a red 
powder, not very soluble in cold water, but more readily in acetic ether. 
Ferric chloride colours its solution dark blue. Boiling, dilute sulphuric 
acid converts it into the so-called oak-red (phlobaphene), €,3H2eOi7(?). 

The tannin found in the quinine barks is combined with the quinia- 
alkaloids. It closely resembles ordinary tannic acid, but is coloured 
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green by ferric salts. When boiled with dilute acids it breaks up into 
sugar and quina^red, an amorphous brown substance, yielding proto- 
catechuic acid and acetic acid on fusion with potassium hydroxide. 

(e) Polyhydrio Aromatic Alcohols, In which only one Hydroxyl Is 
present in each Side Chain, and their Oxidation Products. 

(i) Di- AND Trihydric Aromatic Alcohols. 

Xylylene Alcohols CgH4(CH20H)2. — The three isomerides are 
obtained from the three corresponding xylylene chlorides or bromides 
by boiling with a soda solution. The ortho- (i, 2), called phthalyl 
alcohol, is obtained also from phthalic acid chloride by reduction in 
glacial acetic acid wiih a large excess of sodium amalgam (B. 12 , 646). 

M.p. M.p. M.p. 

1. 2- Phthalyl alcohol, 62° ; dichloride, 55° dibromide, 95®. 

1. 3 - Xylylene alcohol, 46° ; dichloride, 34° dibromide, 77®. 

1. 4 - Xylylene alcohol, 112® ; dichloride, 100° dibromide, 143®. 

The three chlorides are formed when the xylols are heated to 150® 
^\dth PCI5 (B. 19 , R. 24). The bromides are produced when bromine 
acts upon boiling xylols (B. 18 , 1281), or upon the latter in sunlight 
(B. 18 , 1278). 

o-Xylylene oxide, phthalane CeH4(CH2)20, b.p. 192®, a colourless 
oil, smelling intensely of oil of bitter almonds, is formed by heating 
o-xylylene bromide with caustic alkali (B. 40 , 965). 

Tetrachloro-xylylene oxide CeCl4(CH2)20, m.p. 218® (A. 238 , 331). 

Xylylene sulpho-hydrates CeH4(CH2.SH)2, i, 2-, m.p. 46® ; i, 3-, oil, 
boiling at 137® ; 1,4-, m.p. 47®, from the xylylene bromides with alcoholic 
KSH. The i, 2-xylylene sulpho-hydrate unites with aldehydes and 
ketones with elimination of water to cyclic mercaptals and mercaptols 

from which cyclic sulphones are formed by oxidation 
(B. 33 , 729 ; 34 , 1772 ; 85 , 138S). 

0-Xylylene sulphide C4H4(CH2)2S, an oil smelling like mercaptan, 
from o-xylylene bromide with concentrated K2S solution besides di- 
xylylene disulphide [CeH4(CH2)2S]2, m.p. 234®, which is more easily 
obtained from o-xylylene bromide and CeH4(CH2.SNa)2. Xylylene 
sulphide gives by oxidation o-xylylene sulphone C4H4(CH2)2^C)2, m.p. 
152®, and its polymeride a disulphone [C0H4(CH2)2SO2]2. Dixylylene 
disulphide forms with Br a stable dibromide (C4H4(CH2)2SBr)2, m.p. 
Ill® (B. 36 , 18). 

0 -Xylylene-diamine C4H4[i, 2](CH2NH2)2 is a liquid. It results 
when potassium phthalimide acts upon o-xylylene bromide (B. 21 , 578), 
as weU as by the reduction of phthalazin. Upon heating, its chloride 
yields : 

o-Xylylenimine, dikydro-iso-indol CeH4(CH2)2NH, boiling at 213®, 
also obtained by the reduction of chloro-phthalazin c, 

has given rise to a large number of derivatives (B. 88, 2808). 

Xylylene bromide, treated with ammonia, gives bis-xylylene-am- 
monium bromide C2H4(CH2)2C«H4, which on further treatment with 
ammonium passes into bis-xylylen^^amine [C4H4(CH2)2NH]2, m.p. 80®, 
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^•P-12 Xylylene bromide also reacts easily with primary, 

secondary, and tertiary amines. Primary aliphatic or aroipiatic amines 
mostly yield n-alkyl- or n-ary 1-xylylene-imines ; but in aromatic amines, 
containing substituents in ortho-position towards the NHg group, the 
closing of the ring encounters steric hindrance, and di-aryl-xylylene-di- 
amines are formed. Secondary amines mostly form cyclic xylylene- 
ammonium bromides CgH4(CH2)2N(RRi)Br, and tertiary amines form 
xylylene-di-ammonium bromides ; their behaviour towards xylylene 
bromide may be advantageously employed in testing alkaloids (B. 40 , 
852 ; C. 1899, 1 . 1246). 

Like the tertiary amines, tri-ethyl phosphine combines with o-xyly- 
lene bromide to form o-xylylene-di-triethyl-phosphonium bromide (B. 
33 , 606). m- and p-Xylylene bromide never yield cyclic derivatives 
with amines, but derivatives of the corresponding diamines C6H4 
(CH2NH2)2 (B. 36 , 1672). 

Pseodo-cnmenyl-glycol, CH3[T]CaH3[2, 4](CH20H)2, melts at 77® (B. 19 , 867). 

Mesitylene-glyool, CH8[i]CeH3[3, 5 ](CH 20 H) 2 , boils at 190° (20 mm ). 

mt-Diamido-mesitylene, CH3 CeH3(CH2NH2)2, boils at 268® (B. 25, 3017 )- 

Mesitylene-glycerin, mcsicenne C6H3[i, 3, 5](CH20H)3 is a thick 
liquid (B. 16 , 2509). 

o-Di-a-oxy-ethyl-benzol CgH4[i, 2][CH(OH)CH3]2 a yellow oil, from 
o-phthalic aldehyde with CHgMgl ; on boiling with dilute HCl it 
passes into the corresponding oxide, 1, 3-dimethyl-phthalane C6H4 
[CH(CH 3 )] 20 , b.p.50 122° (B. 41 , 986). 

p-Dl-a-ox-ethyl-benzol CeH4[CH(OH)CH3]2, liquid, from p-diacetyl- 
benzol (B, 27 , 2527). 

a, a-Dimethyl-, di-ethyl, and di-iso-propyl-o-xylylene alcohol 

H0CH2.CeH4CR20H, m.p. 64®, 82°, and 108® respectively, are formed 
by the action of alkyl-magnesium compounds upon phthalide. They 
easily pass, by splitting off water, into the corresponding oxides, called 
phthalanes (B. 40 , 3060). 

Oxy-m-xylenols are often formed, besides the univalent phenol 
alcohols, by the action of formaldehyde and NaHO upon phenols 
(B. 40 , 2530), e,g. 2, 6-dimethylol-p- cresol, oxy- 
HO[i]CeH2[4]CH3[2, 6](CH20H)2, m.p. I30®*5, from p-cresol (B. 42 , 
2539)- 

As might have been expected, nine classes of oxidation products are 
derivable from the bivalent aromatic alcohols with hydroxyls in two 
side chains, as in the case of the aliphatic glycols. 

(2) Aldehyde Alcohols. 

In this connection mention may be made of hydro-phthalide 
C*H«^[2 ]ch*^OH’ reduction product of phthalide. It is a syrup, 

soluble in water. Dlmethyl-hydro-phthallde the 

reduction product of dime thy 1 -phthalide, melts at 89° (A. 248 , 61). 

Phenol-aldehyde alcohols are formed synthetically h*om phenol- 
aldehydes, with formaldehyde and HCl. o-Oxy-aldehydo-p-beniyl 
alcohol H0[i]CH0[2]CeH3[4]CH20H, m.p. 108®, from salicyl-aldehyde 
(B. 34 , 2455). 
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(3) Aromatic Di-aldehydes. 

Phthalic Acid Aldehydes CeH4(CHO)2 corresponding to the three 
phthalic acids are obtained, like benzaldehyde from benzal chloride, 
by heating the xylylol tetrachlorides with water or potassium oxalate. 
They are also obtained in the form of their tetra-acetates CeH4[CH 
(OCOCHa)^^ by the oxidation of the three xylols, dissolved in a mix- 
ture of acetic anhydride and concentrated H2§04, by means of chromic 
acid. The o-phthalic aldehyde, treated with ammonia, and then 
acidulated, gives a dark-violet coloration (A. 311 , 353). 

o-Xylylol tetrachloride, or, better, o-xylylol tetrabromide and 

hydrazin, yield phthalazin ^ (B. 28 , 1830). 

I JN 

o-Phthalio aldehyde, m.p. 56° ; dioxime (see below). 

Iso-phthalic aldehyde, „ 89® ; dioxime, m.p. 180® (A. 347 , 109). 

Terephthalic aldehyde, „ iib° ; dioxime, „ 200^ (8.16,2995). 

The 0-, m-, and p-xylylol tetrachlorides CeH4(CHCl2)2, corresponding 
to the aldehydes, are prepared by heating the three xylols with PCI5 to 
150^-190°. 

The o-body melts at 89° and boils at 273®. The m-body boils at 
273®, and the p-compound melts at 93®. 

0-, m-, and p-Xyiylene tetrabromide C4H4(CHBr2)2, m.p. 116®, 107®, 
and 169®, from the three xylols by the action of bromine with heat 
(A. 347 , 107). 

Hetero-ring formations of o-phthalic aldehyde : (i) With concen- 
trated alkalies it forms phthalide ; (2) with acetone and benzo-phenone 
it condenses to ^-acctyl^ and p benzoyi-hydrindone ; (3) with phenyl- 
hydrazin chloride it forms phenyUphthalazonium chloride ; (4) with 
hydroxylamine it forms phthalimxdoxime : 


C f[i]CHO_ 
* ‘'[2]CH0 


KOH 


CH.COCH, 


C.HjNHNH, 


aNH.OH 


CeH, 


/CHj 

MCO 


>0 


|CH = N 

c,h' I .q 

fC=NOH 
r H \ 
‘ICO.NH 


(1) 

(2) 

( 3 ) 

(4) . 


Hesitylene-trialdehyde C«H3(CHO),, m.p. 98° ; its hexa-acetate is 
obtained from mesitylene with chromic acid and acetic anhydride 
(C. 1908, I. 1623). 

Oxy-dialdehydes are produced together with, and from, the oxy- 
monaldehydes by means of Reimer’s reaction. 

Thymo-dialdehyde HO.C,H(CH3)(C3H,)(CHO), melts at 79° (B. 18 , 
2104). 

Resorcln-dialdehyde (HO)2.C3H2(CHO)2 melts at 127° (B. 10 , 2212). 

a- and ^-Orcin-dlaldehydes (HO)2C,H(CH3){CHO)2 melt at 118" 
and 168® (B. 12 , 1003). 

o- and j 3 -Oxy-bo-phthal-aldehyde (HO)[4]CeHj(CHO)2 and HO[2] 
C,H,(CHO), melt at 108° and 88° (B. 16 , 2022). 
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Oxy-uvltinie aldehyde HO(CH,)[i. 4]C,H,[2, 6](CHO)*, m.p. 133“, 
colourless needles, by oxidation of oxy-mesitylene-glycol j(B. 42 , 2545). 

(4) Di- and Triketones. — Only one acidyl group can be introduced 
into benzene, even by means of the aluminium chloride synthesis. 

p-Diacetyl-benzol CeHjfi, 4](COCH,)j, m.p. 114°, is formed by the 
action of dilute sulphuric acid upon terephthdyl-dimalonic ester 
(B. 27,2527). Diethyl-terephthalylC,H4(COCtH,)2 (B. 19 , 1850). Tri- 
acetyl-benzol C,Hg[i, 3, 5](C0 CHj) 8, m.p. 163°, is formed by the ben- 
zene ring formation from formyl acetone. In the benzene homologues 
containing methyl groups in the meta-positions it is an easy matter, 
aided by AljClj, to introduce acetyl residues between every two such 
methyl groups. Thus, mesitylene, durol, andiso-durol have given : 

Dlacetyl-mesUylene C,H(CH3)3(COCH8)j, m.p. 46° and b.p. 310® ; 
diacetyl-durol, m.p. 178° and b.p. 323°-326®, and diacetyl-lso-dnroL 
m.p. 121° and b.p 3i2°-3i7® (B. 28 , 3213 ; 29 , 1413). 

Diaceto-resorcin (CH3CO)2[i, 5]C3Hj[2, 4](OH)j, m.p. 183°, from 
resorcin, acetyl chloride, and ZnClg (C. 1905, 1 . 814). 

Triaceto-phloro-glucin (CH3CO)jC,(OH)„ m.p. 156®, is more prob- 
ably to be regarded as a derivative of triketo-hexamethylene (B. 42 , 

2736). 

(5) Alcohol-carboxylic Acids. 

Oxy-methyl-benzoic Acids, Carbinol-benzoic Acids. — ^There are three 
possible isomerides, and all of them have been prepared. They are 
isomeric with mandelic acid and the oxy-toluic acids. o-Oxy-methyl- 
benzoic acid passes quite readily into the corresponding y-lactone, 

phthalide. 

Phthalide and meconin are the first lactones with which organic 
chemistry was enriched. 

0 - Oxy - methyl - benzoic acid, benzyl - alcohol - o - carboxylic acid 
nielts at 120°, loses water and becomes phthalide, from 

which it is obtained by dissolving in caustic alkali and then precipitat- 
ing with mineral acids ; also from o-chloro-methyl-benzoic acid with 
moist silver oxide. 

Phthalide, o-oxy-methyl-henzoic acid lactone 

ing at 83° and boiling at 290°, was first made from o-phthalic acid. It 
is formed (i) by heating o-oxy-methyl-benzoic acid or by allowing it to 
stand in contact with water (B. 25 , 524) ; (2) by the reduction of phtha- 
lide chloride with zinc and hydrochloric acid (B. 10 , 1445) ; (3) by the 
reduction of phthalic anhydride in acetic acid solution with zinc dust 
(B. 17 , 2178) ; (4) by the action of bromine vapour upon ortho-toluic 
acid at 130°-! 40° ; (5) from xylylene dichloride upon boiling with 
water and lead nitrate ; (6) by decomposing nitroso-phthalimidin ob- 
tained from phthalimide with caustic potash (A. 247 , 291) ; (7) by 
treating o-cyano-benzyl chloride in glacial acetic acid with hydro- 
chloric acid at 100° (B. 25 , 3021) ; or (8) from phthalide-carboxylic 
acid by heating (B. 81 , 374). 

It is reduced to ortho-toluic acid on boiling with hydriodic acid. 
Potassium permanganate oxidises it to phthalic acid. See also Phthal- 
aldehydic acid, Phthalic acid, and a>-Cyan-o-toluic acid. Phenyl- 
hydrazin adds itself to phthalide (B. 26 , 1273 ; 33 , 766). 
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Numerous derivatives have been obtained from o-oxy-methy 1 -ben- 
zoic acid, some of which, like the acid itself, change over to heterocyclic 
compounds. 

o-Chloro-methyl-benzole acid Cl.CH2[2]CeH4[i]COOH, m.p. iji°, 
form phthalide chloride with water, HCl being liberated ; its ethyl 
ester, b.p.^g I4I^ from phthalide chloride and alcohol (Anschutz). 

It boils at 141® (12 mm.), and also, without decomposition, at 245® 
(760 mm.). 

o-Chloro*methyl-benzoyl chloride, phthalide chloride ClCH2[2]CeH4. 
COCl, boiling at 135® (12 mm.), results when PCI5 acts upon phthalide 
55°-bo® ; gives anthranol with benzene and AlCl3(Anschutz). 
o-Chloro-methyl-benzamide ClCH2[2]CeH4.CONH2 melts with de- 
composition at 190® (see Pseudo-phthalimidine). It is produced on 
conducting dry ammonia into an ethereal solution of phthalide chloride, 
and bv the action of sulphuric acid upon its nitrile. 

o-Chloro-methyl-benzanillde Cl.CH2[2]CeH4CONHCeH4 melts at 
115 ^ 

o-Chloro-methyl-benzo-nitrile, o-cyano-benzyl chloride C1.CH2[2] 
C4H4CN, melting at 252®, is formed upon conducting chlorine into boil- 
ing o-tolu-nitrile (p. 286) (B. 20 , 2222). The corresponding o-cyano~ 
benzyl alcohol is known only in its ethers (B. 25 , 3018). 

Phthalide yields the base phthalimidin ^NH. when it 

is heated in an atmosphere of ammonia. It can also be very readily 
obtained by reducing phthalimide with tin and hydrochloric acid 
(A. 247 , 291) ; from o-cyano-benzyl-amine with HCl, and from phthalide 
chloride by heating in a current of ammonia. It melts at 150® and 
boils at 337®. 

Mitroso-phthalimidin C«HeON.NO melts at 156®. Pseudo-phthal- 

imidin c.Ha / f ^ is an oil. In contact with water it is 

resolved into phthalide and ammonia. Its hydrochloride is formed 
when o-chloro-methyl-benzamide is heated to I30°-I40°, also from 
phthalide chloride with alcoholic ammonia. 

Phthalide anile, phenyl-phth'iUmdin C,H4{W^° Vc,H„ melting 

at 160°, results on heating phthalide and aniline to 200 “-220°, upon 
reducing phthalanile with tin and hydrochloric acid, and by distilling 
o-chloro-methyl-benzanilide under diminished pressure (Anschutz). 
o-Cyano-beniyl-amlne NH,.CH,[2]CgH4CN is a colourless oil, which 
becomes crystalline. It is formed when o-cyano-benzyl chloride acts 
upon potassium phthalimide (B. 20 , 2233 ; 31 , 2738). 

o-Diethyl-benzyl-amine-carboxyllc acid (C2H5)2NCH,CeH4COOH, 
m.p. 105® (A. 300 , 163). o-Cyano-benzyl-methylamine CNCgH4CH,. 
NHCHj, m.p. 105® : o-eyano-benzyl-anillne CNC4H4CH,.NHC4H5, 
m.p. 125° (/. pr. Ch. 2, 80 , 102). 

Thio-phthaUde ‘>S melts at 60® (A. 257 , 298), and— 

Seleno-phthallde )Se melts at 58“ (B. 24 , 2596 ; 

A 247 , 299). 

Thio - phthalimidin or o-eyano>benzyl-mereaptan 
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CeH4(CN)CH2SH, m.p. 62 ®, from o-eyano-benzyl-rhodanide CeH4(CN) 
CHgSCN, m.p. 86®, with sulphuric acid, and from 0;cyano-benzyl 
chloride with potassium sulpho-hydrate. With excess of* the latter we 

obtain a dithio-phthalide m.p. 68®, which easily 

splits off SHg, and passes into a stilbene derivative (B. 31, 2646). 
Phthalides, substituted in the benzene nucleus, are also known ; they 
have been mostly obtained from substituted o-phthalic acids. Mention 
may be made of : 

p-Nitro-phthallde ')o. m.p. 135°. It is pro- 

diiccd when chromic acid and glacial acetic acid act upon o-nitro- 
naphthalene (A. 202, 219). 

p-Oxy-phthalide ho.c,H 3 {W® ^o. m.p. 222° (A. 233, 235). 
is obtained from p-oxy-o-phthalic acid. 

Meconin, ^,6-dimethoxy-pht halide (CH30)j[5,6]CeH,-^^^j^^ m.p. 

102°, is the lactone of meconinic acid, which is only stable in the 
form of its salts. Its name is derived from the Greek word fnjKwv, 
signifying poppy. 

Meconin occurs already formed in opium, in which Couerbe dis- 
covered it in 1832, and is obtained on boiling narcotin with water 
(Wohler, and Liebig, 1832). It may be formed from opianic acid, 
the corresponding aldehyde acid, just like phthalide from phthal- 
aldehydic acid, b}^ reduction with sodium amalgam and precipitation 
with acids. It was the first lactone known to chemi^^tiy" : 


Phthalide Phthalic aldehyde acid Meconin Opianic acid. 


Phthalide Phthalic aldehyde acid Meconin Opianic acid. 

Synthetically, meconin has been prepared from the condensation 
product of chloral with 2, 3-dimethoxy-benzoic ester, of dimethoxy- 

trlchloro-methyl-phthalide This yields, 

with alkali, an acid which, on heating, yields meconin (A. 301, 
359)- 

^-Meconin, 3, 4-dImethoxy-phthalide {CH, 0 ),[ 3 , 

m.p. 132®. It is made from hemi-pinimide, just as phthalide is formed 
from phthalimide (B. 20, 884). 

0 - a - Oxy - ethyl - benzoic acid lactone, a - methyl - phthalide 

boils at 275®. It is formed in the reduction of aceto- 

plienone-o-carboxylic acid with sodium amalgam, and by the action of 
CHgMgl upon o-phthalic aldehyde acid (B. 38, 3981). Hydro-iodic acid 
and phosphorus reduce it to o-ethyl-benzoic acid (B. 29, 2533). 

a-Ethyl-phthalide, m.p. 12®, b.p. 291®, is obtained in a similar manner 
(B. 32, 960). 

Dimethyl-phthalide, o-j3- oxy -iso -propyl -benzoic acid lactone 

made by the action of 

zinc dust and methyl iodide upon phthalic anhydride (A. 248, 57). 
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Similarly, diethyl-, dipropyl-, and di-iso-propyl-phthalides have been 
obtained, melting at 54®, 76®, and 84® respectively (C. igoq, II. 525). 

o-/ 3 -Oxy-ethyl-proto-oateehale aeld lactone C.H.(OH).{W“ ° is 

closely related to several alkaloids such as corydalin, berberin, etc. 

m-Oxy-methyl-benzoic acid is only known in the form of its alcohol 
anhydride 0[CH2[3]C(jH4C00H]2, m.p. i8o°, which is formed from 
m-cyano-benzyl cUoride Cl.CH2[3]CeH4CN, m.p. 67® and b.p. 259®, 
the reaction product of chlorine upon m-tolu-nitrile. cu-Chloro-m- 
tolulc acid melts at 135°, and m-benzyl-amine-carboxyllc acid NH2CH2 
[3]C4H4C02H melts at 216®. m-Cyano-henzyl-amine NH2CH2[3] 
C4H4CN, sec B. 34 , 3367. 

p^zy-methyl-benzoic acid HO.CHa[4]C6H4COaH, m.p. 181®, is 
obtained (i) from co-bromo-p-toluic acid Br CH2[4]C4H4.CO.^H (A. 162 , 
342) ; (2) by the action of concentrated sodium hydroxide upon 
terephthal-aldehyde (A. 231 , 372). 

p-Cyano-benzyl alcohol HOCH2[4]C4H4CN, m.p. 133°, is prepared 
from p-cyano-benzyl chloride, m.p. 79® and b.p. 263°, by the action 
of potassium carbonate. p-Chloro-methyl-benzamide CH 2 Cl[ 4 ]CeH 4 
CONH 2 , m.p. 173®. p-Chloro-methyl-benzoic acid CH2Cl[4]CeH4C02H, 
m.p. 199® (B. 24 , 2416). 

Benzyl-amine-p-carboxylic acid, yellow scales, and diethyl-benzyl- 
amine-p-carboxylic acid, m.p. 150®, see B. 23 , 1060 ; A. 310 , 207 ; 
p-cyano-benzyl-amine, see B. 34 , 3368. 

p-Chloro-methyl-salicylic acid ClCH2[4]C4H8[i]OH[2]COOH, m.p. 
163°, from salicylic acid with formaldehyde and HCl (C. 1901, I. 1394). 

m- and p - Oxy - iso - propyl - benzoic acids (CH3)2C(0H).CeH4.C02H, 
melting at 123® and 155®, result when m-cymol (A. 275 , 159) and 
p-cymol, from cumic acid, are oxidised with potassium permanganate. 
The 3-amido-4-oxy-iso-propyl-benzoic acid, derived from the p-acid, 
changes under the influence of carboxylic anhydrides into cumazonic 
acids (q.v,), 

(6) Aldehyde Acids. 

o-Phthal-aldehydic acid and 5, b-dimethoxy-o-phthal-aldehydic 
acid, or opianic acid, are the most important representatives of this 
class. In the phthal-aldehyde acids the aldehyde group occupies the 
y-position with reference to the carboxyl group. Like the aliphatic 
y-ketonic acids (the laevulinic acids, Vol. I.), the phthal-aldehyde acids 
form monoacetyl derivatives, whose existence and deportment argue 
more strongly for the y-oxy-lactone formula (Liebermann, B. 19 , 765, 
2288) than the carboxylic acid formula of such acids : 


CH..CO,H CHaCO .o 

CHa.CO.CHg iH,— CcOH 

^CH* 

Laevulinic acid 


*\WCH0 ‘|[,]CH®OH 

o-Phthal-aldehydic acid. 


Opianic acid forms two series of esters. Their difference is due to 
the fact that the one series represents carboxylic esters, while the 
other series consists of y-oxy-lactone esters. 

The behaviour of tne oxime anhydrides of phthal-aldehydic acid 
and opianic acid is worthy of note. They change to the corresponding 
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phthalimides with an appreciable evolution of heat, when they are 
gently heated. The phthd-aldehydoxime-anhydridic acid, first changes 
to o-cyano-benzoic acid, which 5delds phthalimide upon fusion. The 
determination of the heat of combustion of opian-oximic acid anhydride 
and hemi-pinimide has shown that in the conversion of the former into 
the latter the quantity of heat set free (52-6 Cal. for the gram-molecule) 
was tenfold greater than the molecular rearrangement-energy of allo- 
cinnamic into cinnamic acid, and eight times that observed in the 
conversion of maleic into fumaric acid (B. 25 , 89). 

0-Phthal-aldehydic acid (formulae above), melting at 97°, is formed 
(i) upon heating bromo-phthalide (see below) with water ; {2) by heat- 
ing a)-pentachlor-o-xylol, and (3) o-cyano-benzal chloride with hydro- 
chloric acid (B. 80 , 3197). Hydrazin converts the acid into phthal- 

azone (q.v,) * melting at 183°; phenyl-hydrazin 

changes it to phenyUphthalazone, melting at 105° (B. 26 , 531), and 
hydroxylamine, in aqueous solution, into benzaldoxime-o-carboxylic 
acid, melting at 120® ; while in alcoholic solution the product is benzal- 
doxime-o-carbonic anhydride, benzo-ortho-oxazinone, melting at 145°. 
The latter at 145® rearranges itself with evolution of much heat into 
o-cyano-benzoic acid, which at more elevated temperatures becomes 
phthalimide (B. 26 , 3264) : 


C,H.{ 


[1] COOH r[i]COO 

[2] CH=NOH“^^®^*\[21CHn'^ 


^[ilCOOH 

1 [2 ]C=n 


-^C.H 


•{ 


[1] CO , 

[2] CO 


NH 


Benzaldoxinie-o*car> Benzaldoxime-o- o-Cyano-benzoic o-Phthalimide. 
boxylic acid carboxylic acid acid 

anhydride 


With benzoyl-hydrazin and jS-phenyl-hydroxylamine also phthal- 
aldehydic acid and opianic acid first form aldehyde derivatives (B. 
34 , 1017). 

Hethoxy-phthallde, phthaUaldehydic methyl ether, melting at 44® ; 
ethoxy-phthalide, melting at 66® ; and amido-phthalide, amide of phthaU 
aldehydic acid, are produced by the action of methyl and ethyl alcohol, 
and of ammonia upon bromo-phthalide, or the bromide of phthaU 
aldehydic acid, melting at 85®, produced when bromine vapour acts 
upon phthalide at 140®. Aceto-phthal-aldehydic acid, acetoxy-phthalide, 
is formed by the interaction of acetic anhydride and phthal-aldehydic 
acid. 

Diphthalide ether melting at 221°, 

is formed from o-phthal-aldehydic acid and bromo-phthalide. In 
accordance with the double formulation of phthal-aldehydic acid (see 
above) two views may be held in regard to its various derivatives : 


1 [ilCOOCH, 
^^l[a3CHO 

ni]CONH, 

/[ilCOBr 

^•“M[a]CHO 

1 [i]COOCOCH, 
^•“*U2]CH0 

rH|WCO>o 

[a]CH— OCHg 

c H f 0 

[a]CH-NH, 

CH /tdco>o 

c H /fdco>o 
• * ^ [2]CH — ococh. 

Methoxy-phthalide 

Amido-phthalide 

Bromo-phthalide 

Acetoxy-phthalide. 


The theory that acetoxy-phthalide and the diphthalide ethers are 
anhydrides of carboxylic acids is very improbable. Phthal-aldehydic 
acid and opianic acid react especially readily, even in the cold, with 
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amines. Water is eliminated. The resulting bodies dissolve in part 
very easily in soda, and in part with difficulty, hence are in part derived 
from the amido-phthalide and partly from the imido-aldehydic acid 
formula (B. 29 , 174, 2030). 


C.H,{ 


[1] C0>0 

[2] CH— NHR 


and 


r[i]C00H 
• n[2]CH=NR. 


PhihaUaldehyde Chlorides. — Pentachloride of o-phthal-aldehydic acid, 

n-pcntachlor-o-xylol CHCl2[2]C6H CCI3, melting at 53®, results when PCI5 
acts upon o-xylol at 140°. o-Cyano-benzal chloride, nitrile of o-phthal- 
aldeh^-de chloride acid, CHCl2[2]C3H4CN, boiling at 260®, is formed 
by the action of chlorine upon boiling o-cyano-toluol (B. 20 , 3197). 

Nor-opianic acid, ^.^-dioxy-phthaUaldchydic acid (HO)2CeH4(CHO) 
COOH, melting at 171®, is obtained from opianic acid, together with 
iso-vanillin and carbon dioxide, upon heating with hydriodic acid. It 
is coloured bluish-green by ferric chloride. 

Opianic acid, 5, 6 ~dimethoxy-phthaUaldehydic acid (CH30)2[5, 6] 
CpH2[2]CH0.C02H, melting at 150®, is produced on oxidising narcotin 
with dilute sulphuric acid and Mn02 (1842, Wohler and Liebig, A. 44, 
126). Meconin is formed in its reduction. When it is evaporated 
with caustic potash it changes in part to meconin and partly to hemi- 
pinic acid, just as benzaldehyde yields benzyl alcohol and benzoic 
acid. It is oxidised to hemi-pinic acid. Upon heating with hydro- 
chloric acid there results at first : 5-Methoxy-6-oxy-phthal-aldehydic 
acid, methyl-nor-opianic acid (CH30)[5]{H0)[6]C6H2(CH0)C02H, melt- 
ing at 154® (B. 30 , 691), while under more intense heat iso-vanillin 
and COg are the products. Concentrated sulphuric acid converts 
opianic acid into rufiopin (q.v.), a tetra-oxy-anthraquinone derivative. 

Opianic acid behaves tow^ard hydrazin, phenyl-hydrazin, and 
h5"droxylamine just like phthal-aldehydic acid. Dimethoxy-phthal- 
azone, opiazone, melts at 162®, when it is anhydrous (B. 27, 1418). 
Phenyl-opiazone melts at 175® (B. 19, 2518). Opianoximic acid, melt- 
ing at 82®, becomes, on boiling its aqueous solution, the anhydride of 
opianoximic acid, melting at 114®. When this is heated alone, or 
w^hen its alcoholic solution is boiled, hemi-pinimide results as a conse- 
quence of rearrangement (B. 24, 3264). 

Esters . — Opianic acid forms two series of alkyl esters, corresponding 
to the carboxylic and to the y-oxy-lactone formulas of the acid. The 
one series, the true carboxylic esters, are stable in the presence of water. 
They are formed by the action of alkyl iodides upon the silver salt or of 
alcohols upon the chloride of opianic acid, and by esterifying opicuiic 
acid with diazo-methane. 

They manifest the typical aldehyde reactions (B. 29, R. 507). The 
second series, the y-oxy-lactones or ^-esters, are formed on boiling 
opianic acid with zdcohols : Methyl-opianic ester (CH80)2C3H2(CH0) 
COgCHj, melts at 82® and boils at 233® (51 mm.). The ethyl ester melts 

at 64^. 0-Methyl-opianic ester m.p. 103®, 

and b.p. 238® (52 mm.). The 0 -ethyl ester melts at 92® (B. 25 , R. 907 ; 
26 , R. 700). 

Acetyl-oplanlc acid melts at 120® (B. 19, 2288). [SJ-Nitro-oplanle 
acid, m.p. 166 ®, has an abnormally low affinity constant in aqueous 



KETONE-CARBOXYLIC ACIDS 


353 


solution, and therefore probably corresponds to the oxy-lactone from 
(B. 88, 1541) ; methyl ester, m.p. 78® ; ^-methyl ester, m.p.’i82® (C. 1904. 
I. 163). 

[y-anthranilo-carboxylie acid, azo- 

^O, which upon treatment with 

acetone and sodium hydroxide condenses to aeetonil-nitro-meeonln 
(CH 30 ),C,H(N 0 ,) |CH(CH,COCH,)^q^ m.p. 175°, and opian-indigo (B. 36 , 

2208). 

Pseudo-opianic acid (CH 30 ) 2 [ 3 , 4]CeH2[2](CH0)C02H, m.p. 121°, is 
formed from berberal, an oxidation product of the alkaloid herherin 
iq.v), when it is boiled with dilute sulphuric acid. Amido-ethyl- 
piperonyl-carboxylic anhydride (B. 24 , R. 158) is formed simultaneously. 
The oxime, melting at 124°, is rearranged upon heating into hemipin- 
imidc (B. 24 , 3266). 

m-Aldehydo-benzoic acid, iso-phthaUaldehydic acid CHO[3]CgH 
COgH, melts at 165°. m-Cyano-benzaldehyde melts at 80°. m-Cyano- 
benzal chloride boils at 274° (B. 24 , 2416). p-Aldehydo-benzoic acid, 
terephthal-aldehydic acid CH0[4]CeH4C02H melts at 285°. p-Cyano- 
benzaldehyde melts at 97®. p-Cyano-benzal chloride boils at 275° 
(B. 24 , 2422). 

Mono- and dioxy-aldehydo-acids have been obtained from mono- 
and dioxy-carboxylic acids by means of chloroform and caustic alkali 
(B. 12 , 1334 ; 16 , 2182). Similarly, anthranilic acid, with chloroform 
and alkali, yields an aldehydo-o-amido-benzoic acid (C. 1900, 1 . 812). 


It yields by reduction dimethOJ 
oplanlc aeid (ch,o),c,h(COOH)|^“ 


(7) Ketone-carboxylic Acids. 

o-Aceto-phenone-carboxylic acid is the most important of the 
aromatic monocarboxylic acids with keto- and carboxyl-groups in 
different side chains. In it the y-position imparts to the keto- 
and carboxyl-groups reactions similar to those manifested by o-phthal- 
aldehydic acid. Hence, in addition to the carboxylic acid formula 
we must also consider the y-oxy-lactone formula for o-aceto-phenone- 
carboxylic acid. Its acetyl compound must be viewed as acetyl- 
y-oxy-lactone : 


c,h4 


[iJCOOH 

[2]C0CH3 


or 


C.H4 


[1] C0>0 

[2] C(0H)CH3 


* *\[ 2 ]C( 0 C 0 CH 3 )CH,. 


o-Aceto-phenone-carboxylic aeid, o-aceto-henzoic acid, m.p. 115®, is 
isomeric with benzoyl-acetic acid {q,v,) and tolyl-glyoxylic acid (q.v.). 
It has a sweet taste, and is formed on boiling benzoyl-aceto-o-carboxylic 
acid with water (B. 26 , 705 ; 29 , 2533). The acetyl compound melts 
at 70® (B. 14 , 921). Hydrazin converts it into methyl-phthalazone, 
m.p. 220® and b.p. 247® (B. 26 , 705). With phenyl-hydrazin it yields 
methyl-n-phenyl-phthalazone, melting at 102° (B. 18 , 803). Its ethyl 
ester and hydroxylamine form an oxime anhydride, m.p. 158® (B. 

16 , 1995). 

Various homologous o-acidyl-benzoic acids have been obtained by 
digesting their anhydrides, the alkylidene-phthalides, with potassium 
hydroxide. These anhydrides are produced in the condensation of 
phthalic anhydride and fatty acids, when water and carbon dioxide 
VOL. II. 2 A 
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are eliminated. o-Batyro-phenone-earbozylle aeid and o>lso-valero- 
phenone-earboxylie aeld melt at 89° and 88° (B. 29 , 1437 ; 82 , 959). 

p-Aeeto-pbenone-earboxylie acid melts at 200°. It results from the 
oxidation of p-/ 3 -oxy-iso-propyl-benzoic acid (A. 219 , 260). p-Cyan- 
aeeto-pbenone, m.p. 60°, is made from p>amido-aceto - phenone 
(B. 20 , 2955). 

Methyl-benzyl-ketone>o-carboxylie aeld COOH[2]C,H4CH,COCH,, 
m.p. 119°, is formed from methyl-iso-cumarin (q.v.) by boiling with 
alkalies (B. 32 , 965). 

Benzyl-acetone-o-earboxylie acid COOH[2]C*H4[i]CH,.CH,.COCHj, 
m.p. 114°, see B. 40 , 189. 

Polycarboxylic Acids. — Three varieties are to be distingmshed in 
each group of these acids : those in which all the carboxyl groups are 
directly joined to the benzene nucleus ; those in which these groups 
are in part joined to the nucleus and are in part present in the side 
chains ; and, lastly, those in which all of tte carboxyl groups are 
contained in the side chains, e.g. : 


C.H4 


fCOOH 

\C00H 


Pbthalic acids 


C H /CH.CO.H 
* *\C0,H 
Hoxno-phthalic acids 


lCH*CO,H 

Phenylene-diacetic acids. 


(8) Dicarboxylic Acids 


(a) Phthalie acids are the final oxidation products of all benzene 
derivatives in which two hydrogen atoms of the benzene nucleus have 
been replaced by side chains. Hence they are of importance in deter- 
mining the position of these two side groups in the benzene nucleus. 
Their hydrogen addition products, the hydro-phthalic acids, are also 
very important compounds from a theoretical standpoint. Again, 
o-phthalic acid is distinguished from the m- and p-bodies by its ability 
to form an anhydride and other cyclic derivatives. In addition to 
the dicarboxyl formula, the y-dioxy-lactone formula has been taken 
into consideration for this acid. It is applied technically in the manu- 
facture of phthalein-dye substances, which are of great value. The 
phthalie acids bear the same relation to the phthalyl alcohols, the 
phthal-aldehvdes, oxy-methyl-benzoic acids, and phthal-aldehydic 
acids, that oxalic acid bears to ethylene-glycol, glyoxal, glycollic acid, 
and glyoxalic acid : 


CH,OH 

CHjOH 

Glycol 


C.H, 


rCH.OH 

iCHjOH 


Phthalyl- 

alcobols 


CHO 

CHO 


Glyoxal 


C.H,/CHO 

‘ * ICHO 


Phthal- 

aldehydes 


COOH 

Ch,oh 


Glycollic acid 
C H /COOH 

‘ *\CH,OH 
Oxy-methyl- 
benzoic acids 


COOH 

CHO 

Glyoxalic acid 


C.H. 


rcooH 

ICHO 


Phthal-aldehydc 

acids. 


COOH 

COOH 


Oxalic acid. 

C H /COOH 
* *\COOH 


Phthalie 

acids. 


Phthalie aeld, benzene- o- dicarboxylic acid 

(A. 269 , 155), melts, when rapidly heated, at 213°, 

decomposing at the same time into the anhydride and water. It is 
obtained by oxidising naphthalene and tetrachloro-naphthalene with 
nitric-add permanganates (B. 86 , 1805), or best with concentrated 
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H3SO4 and mercuric sulphate (German patent 91,202). It is manu- 
factured on a large scale. It is formed from the naphthalene together 
with benzoic acid on heating with NaHO and copper oxide to 240®- 
260® (C. 1903, I. 857). 

It also results on oxidising o-xylol and o-toluic acid with potassium 
permanganate, alizarin and purpurin with nitric acid, or with manganese 
dioxide and sulphuric acid ; and, in slight amount, in the oxidation of 
benzene and benzoic acid. It cannot be prepared by using chromic 
acid as an oxidising agent, since the latter bums it at once to carbon 
dioxide. It can be synthetically obtained from o-nitro-benzoic acid 
by converting the latter into o-cyano-benzoic acid, and then boiling 
this with alkdies. 

History , — Laurent first obtained the acid, in 1836, by oxidising 
naphthalene tetrachloride. He considered it a naphthalene deriva- 
tive, and named it naphthalinic acid (A. 19 , 38). After Marignac had 
deduced the correct formula, CgH404 (A. 38 , 13), and demonstrated 
that the acid was not a derivative of naphthalene, Laurent gave it the 
name phthalic acid (A. 41 , 107). 

When heated with excess of calcium hydroxide it yields benzene 
and zCOj. Only iCOj is split off, and calcium benzoate produced, if 
its lime salt be heated to 330®-350® with one molecule of CafOH)^. 

Sodium amalgam converts phthalic acid into di-, tetra-, and hexa- 
hydrophthalic acids. 

Esters , — As the investigation of phthalyl chloride seemed to assign 
a lactone formula to this body, in which the two chlorine atoms were 
attached to the same carbon atom, search was made for two series of 
esters. However, the action of alkyl iodides upon the silver salt, and 
that of alcohols upon the chloride, produced the same esters (A. 238 , 
318). The methyl ester boils at 280® and the ethyl ester at 288® (B. 16 , 
860). These esters condense with acetic ester, acetone, and similar 
bodies in the presence of sodium ethylate, forming diketo-hydrindene 
derivatives. The phenyl ester melts at 70® (B. 7 , 705 ; 28 , 108). The 
ethyl ester acid is a heavy oil. 

Chlorides , — The chloride of the ethyl-ester acid is a decomposable 
oil, produced when PCI, acts upon the ethyl-ester acid (B. 20 , loii). 

Phthalyl chloride WCWl solidifies at o» 

and boils at 275°. It resvdts upon heating the aidiydride for several 
hours with an equi-molecular quantity of PCI, at 200® (A. 288 , 329). 
The conversion of phthalyl chloride with glacial acetic acid and sodium 
amalgam into o-phthalyl alcohol is an argument favourii^ the 
sym. formula. The uns)un. formula is evident from conversion of 
the chloride by zinc and acetic acid into phthalide, diphthalyl 

c,H4-^9* ^>0 o<^ *^)c,H 4 and hydro-diphthalyl, and with benzene 

and aluminium chloride into phthalo-phenone or diphenyl-phtbalide. 

With lead thio-phenate, phthalyl chloride is converted into bi-thlo- 
phenyl-phthallde m.p. 85®. This is oxidised by 

permanganate to dlphenyl-solphone-phthalide, m.p. 194®, which is 
also formed direct from phthalyl chloride wi^ sodium benzol 
sulphonate (J. pr. Ch. 2, 66, 345). 
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Phthalylene Tetrachlorides , — PCI5 converts phthalyl chloride into 
two phthalylene tetraehlorides, melting at 88^ and 47''. These cannot 
be changed into one another. Their crystals have been measured. 
Both yield phthalic acid, and have been assigned the formulas 

and The formation of the two chlorides is 

only comprehensible from the unsjnnmetrical phthalyl-chloride formula 
(B. 19 , 1188). The chloride, mdting at 88®, is also obtained in the 
action of PCI5 upon phthalide chloride. This reaction argues for the 
unsymmetricai formula, just as well as the conversion into diphenyl- 
an throne (see this) by condensation with benzene by means of AljCl, 
or concentrated sulphuric acid (B. 28 , R. 772). 

Phthalic anhydride melting at 128® and boiling at 

284®, sublimes readily in long needles. It results upon fusing phthalic 
acid or digesting it vrith acetyl chloride (B. 10 , 326). Phthalic anhy- 
dride yields condensation products as readily as benzaldehyde. 

Thus phthalyl-acetic acid is formed on boiling the anhydride with 
acetic anhydride. It reacts in like manner with malonic ester and 
aceto-acetic ester. At more elevated temperatures it combines with 
homologous fatty acids, with the elimination of COg and the formation 
of alkylidene-phthalides. It condenses with phthalide to diphthalyl 
(see this). With the phenols it yields the important phthalein dyes 
(see these), a group of triphenyl-methane dyes, comprising certain 
beautifully fluorescent compounds. Thio-phthalic anhydride CeH4 
(€0)28 melts at 114® and boils at 284® (B. 17 , 1176). 

Phthalo-mono-super acid (?) C2H4(COOH)COOOH, m.p. no®, with 
conversion into phthalic acid, and peroxide-phthalic acid (COOH. 
C4H4.C0)202, m.p. 156® with decomposition, are formed by shaking 
up phthdyl anhydride with alkaline HgO, solution ; the former dis- 
solves in water easily, the latter with difficulty. 

Peroxide-phthalic acid diethyl ester 02(C0.C2H4C00C2H5)2, m.p. 
59^ from phthal-ethyl ester chloride with alkaline HgOj. 

Phthalyl peroxide CeH4(CO,)2 melts at 133®, giving gas evolution. 
When heated rapidly to 13G" it explodes. It is formed when phthaljl 
chloride is acted upon with a sodium peroxide solution (B. 27 , 1511). 

Phthalamlc add or melting 

at 148®, is formed from the anhydride and ammonia, or when baryta 
water acts upon phthalimide (B. 19 , 1402). Anilic acid melts at 192®. 

PhthaUe diamide or melts at 

I40®--i6o®, changing at the same time to phthalimide. It is pro- 
duced when ammonia acts upon the ester (B. 19 , 1399 • 21 » R. 612 ; 24 , 
R. 320 ; 25 , R. 911). 

PhthaUmlde or melting at 

238®, is obtained : 

By heating phthalic anhydride or chloride in ammonia gas ; 

By heating phthalic acid with ammonium sulpho-cyanide (B. 19 , 
2283) ; from phthalamide, and 

By the molecular rearrangement of the isomeric o-cyano-benzoic 
acid. 
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It forms potassium phthallmide CeH4(CO)2NK by the action of 
alcoholic potash. 

Salts of the heavy metals can be obtained from it by double decom- 
position. Potassium phthalimide is readily rearranged, or transposed, 
with organic halogen derivatives; consequently it is frequently em- 
ployed in the preparation of numerous amines. While by this means 
alkylogens yield symmetrical alkylimides of the formula C4H4(CO)NR 
— e.g. sym. methyl- and benzyl-phthalimide, melting at 132° and 115®, — 

unsymmetrical alkylimides of the formula 0,114/ are ob- 
tained from the interaction of phthal-alkylamic acids and acetyl 
chloride : unsym. methyl- and benzyl-phthalimide melt at 78° and 81® 
(B. 27, R. 737)- 

On brominating S3mi. methyl-phthalimide we obtain bromo-methyl- 
phthalimide €4114(00) gNCHgBr, m.p. 150®; on heating with water this 
becomes oxy-methyl-phthalimide CeH4(C0)2N.CH20H, m.p. 142®, also 
obtained from phthalimide with formidehyde, at 100®, and easily dis- 
solved again into these constituents ; by condensation with benzols 
by means of concentrated sulphuric acid, oxy-methyl-phthalimide is 
converted into benzyl-phthalimides (C. 1902, II. 1164). From ethyl- 
phthalimide with dk\d-magnesium haloids we get products of the 

formula C.H. | (B. 87 , 385). 

On reduction, phthalimide becomes phthalimidin ; with bromine 
and alkaline hydrate it becomes anthranilic acid. The bromyl-phthal- 
imide C4H4(CO)2NBr occurring as an intermediate product in the latter 
reaction, and melting at 206® or 207®, is also obtained from sodium 
phthalimide with one molecule bromine in aqueous solution at 0® ; 
chloryl-phthalimide €4114(00)2X01, m.p. 183® -185®, is obtained by the 
action of chlorine upon phthalimide shaken up with water (0. 1903, 
I. 744). With sodium alcoholates these compounds give, in the first 
instance, carbox-alkyl-anthranilic acid ester (B. S 3 , 21). 

From phthahc acid and aniline we obtain sym. phthalanile C4H4(00) 2 
NO4H5, m.p. 208®. Unsym. phthalanile m.p. 116®, 

is obtained from phthalanilic acid with acetyl chloride (B. 82, 1991 ; 
36, 996 ; 0. 1903, II. 432). 

Phthalyl-phenyl-hydrazide 04H5(00)2(NHNH04H5)2 melts at 161®. 
Phthalyl-hydrazin C4H4(00)2(NH)2, from phthalic anhydride and 
hydrazin hydrate, sublimes at 200®. Phthalimide and hydrazin yield 
an isomeric phthal-hydrazin (B. 28, R. 429 ; 29, R. 987). 

a-Phthalyl-phenyl-hydrazin €4114(00) 2N.NHO4H5 melts at 178®. 

jS-Phthalyl-phenyl-hydrazin melts at 210® (B. 19 , 

R. 303 ; 20, R. 255). 

Phthalyl-hydroxylamlnic acid 04H4(OOOH)0(OH)NHOH, m.p. 220® 
with decomposition, from cold phthalic anhydride and hydrox\ lamine. 
On heating the solution it becomes phthalyl-hydroxylamlne C.H,(CO,) 
NOH, m.p. 230 ; both bodies are transformed into anthranihc acid 
by treatment with alkali (C. 1902, 1. 1083 ; II. 1286, 1439). 

Phthalyl-glycocoU C,H4(CO),NCH,COOH, m.p. 192°. formed by 
introducing glycocoU into molten phthalic anhydride ; sodium ethylate 
transposes the ester into the isomeric oxy-iso-carbo-styrileM:arboxylic 
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ester (q.v.) (B. 88, 981 ; 40, 4409) ; the chloride, m.p. 85®, decomposes 
on distillation, at ordinary pressure, into CO and chloro-methyl-phthal- 
imide C«H4(CO) jN.CH,Cl. Phthalyl-alanln C«H4(CO) ^N.CH (CH3)COaH, 
m.p. 162®: chloride, m.p. 73®. jS-Phthallmido-propionic acid CeH4 
(C0)4N.CHg.CH2C02H, m.p. 151®; chloride, m.p. 108® (B. 88, 633; 
41, 242). 

Nitriles of Phthedic o-Cyano-benzoIo acid is produced when 

anthranilic acid is treated with nitrous acid and cuprous cyanide. It 
rearranges itself, upon the application of heat, into phthalimide (B. 18, 
1496 ; 19, 2283 ; 25, R. 910). o-Cyano-benzoic acid ester melts 
at 70® (B. 19, 1491). o-Cyano-beMO-trichloride CN[ 2 ]CeH 4 CCl 3 , 
m.p. 94® and b.p. 280®, is obtained from o-tolu-nitrile (B. 20, 3199). 
o-Cyano-benzamide, o-phthalo-nitrUamide, is formed, besides other pro- 
ducts, on brief heating of phthalimide with acetic anhydride, and in 
the transformation of o-cyano-benzol chloride with hydroxylamine. 
On heating above the m.p. (173®), it passes into the isomeric imido- 
phthalimide ; and, on boiling with excess of acetic anhydride, into 
o-phthalo-nitrile (B. 40, 2709). 

o-Phthalo-nititie C 4 H 4 [i, 2](CN)g, m.p. 141®, is also obtained from 
o-amido-benzo-nitrile through the diazo-com pound (B. 29, 630). 

Substituted o-Phthalic Acids are obtained, partly by direct substitu- 
tion of the phthalic acid, and partly by the oxidation of substituted 
naphthalins and toluic acids. 

All the mono- and dichloro-phthalic acids are known : 


4 -Chloro-phthAlio anhydride 

m.p. 98® 

b.p. 297® 


8-Chloro-phthalio anhydride 

122® 

M 313® 


4 , 5 -Diohloro-phthaHo anhydride . 

.. 186® 

M 313®] 


8, 4 -Dichloro-phthalio anhydride . 

„ 121® 

M 329® 

(B. 42 , 3532) 

3 , 6-Dichloro-phthalio anhydride . 

M I9I® 

M 339 ® J 


8, 5 -llichloro-phUialie anhydride . 

89 ‘» . 


(C. 1903, I. 140) 

8, 4 , 6-Triohloro-phihalio an^dride . 

.. 148" . 

. 

. (B. 84 , 2107) 

Tetraohloro-phihalie anhydride 

250® . 

. 

(A. 149 , 18). 


The mono-, tri-, and tetracliloro-phthalic acids have been obtained 
by oxidation of the corresponding chlorinated o-toluic acids or naph- 
thalins. 4, 5-, 3, 4-, and 3, 6-dichloro-phthalic acids are formed to- 
gether, on conducting chlorine into a solution of phthalic anhydride 
in fuming sulphuric acid ; and the 3, 5-acid in small quantity by the 
action of PCI5 upon dimethyl-dihydro-resorcin (y.r.). 

4, 5-Dibromo-ptathaUe acid, m.p. 135®, and anhydride, m.p. 214®, 
from phthalic anhydride with bromine in concentrated sulphuric acid, 
or by oxidation of dibromo-naphthalin with nitric acid. On boiling 
with KHO it gives dioxy-phtbalic acid (B. 84, 2741 ; C. 1907, I. 
1119). 

8- and 4-Iodo-o«phtbaIle acids melt at 206° and at 182° (B. 29, 1575. 
R. 792). Tetra-lodo-o-phthalie acid melts at 324°-327° (B. 29, 1634), 
8- and 4>Nitro-o-pIitlialic acids, melting at 219° and 161° respectively, 
are fonned together on nitrifying phthalic acid ; the anhydrides melt 
at 164” and 114”, the imides at 216° and 202°. 8-Nitro-phthalyl 
chloride, m.p. 77® (B. 84, 3735, 4351; C. 1902, II. 359; 1903, II. 430). 
Concerning the formation of S-nitro-phtbaiic ester acids, a-, m.p. 144°, 
and P-, m.p. 157®, and their relation to V. Meyer’s esterification rule. 



DICARBOXYLIC ACIDS 


359 

see B. 85 , 3857. On reduction of nitro-phthalic acids, 8- and 4-amido- 
phthalic acids are formed (B. 86, 2494). 

Sulpho-o-phthalio acid is obtained by heating naphthols, naphthyl- 
amines, and naphthalene-sulphonic acids with concentrated sulphonic 
acid and mercury to 220^-300® (B. 29 , 2806). 

Oxy-o-phthalic acids. — ^They are recognised by the melting-points 
of their anhydrides, into which they change upon the application of 
heat. 

8 -Oxy-o-phthalic acid anhydride melts at 147'’ (B. 16 , 1965). Di- 
nitro-3-oxy-o-phthalic acid is juglonic acid, which can also be obtained 
by the action of nitric acid upon juglone, a naphthalene derivative 
(B. 19 , 168 ; C. 1907, L 1120). 4-Oxy-o-phthalic acid anhydride melts at 
165° (A. 288, 232). p*Dioxy-o-phthalo-nitrile, o-dicyano-hydroquinone 
(H0)2[3, 6]C,H2[i, 2](CN)2+2H20, is formed from quinone with 
nascent prussic acid ; on heating with concentrated sulphuric acid it 
becomes dioxy-phthalimide CeH 2 (OH) 2 (CO) 2 NH, which, on boiling with 
HCl, splits off CO2 and becomes p-dioxy-benzoic acid (B. 88, 675 ; 
A. 849 , 45 ). 

Nor-hemi-pinic acid, 8 , 4-dioxy-phthalic acid anhydride, melting 
at 238°, is produced when 3, 4-dichloro-methoxy-phthalic acid anhy- 
dride (ClCH 20 )^CeH 2 (C 0 ) 20 , m.p. 156° — the reaction product of PCI 5 
and hemi-pinic acid at 180° — is digested with water. Hemi-pinie 
anhydride, 3, 4-dimethoxy-phthalie anhydride, melts at 167°. The acid 
is formed, together with opianic acid and meconin, in the oxidation of 
narcotin ; also with meconin on fusing opianic acid with caustic 
potash : 

Hemi-pinic acid Opianic acid Meconin. 

Consult B. 29 , R. 96, for the hemi-pinamido-acids, the hemi-pinic 
esters, and the hemi-pinimides. 

6 -Amido-hemi-pinic acid is produced on boiling its anhydride with 
baryta water. The anhydride is azo-opianlc acid or 2, 3-dimethoxy- 
5, 6 -aiithranUe*carboxylic acid. 

Nor-meta>hemi-pinie anhydride melts at 247°. Meta-hemi-pinie 
anhydride melts at 175°. Meta-hemi-pinic acid or 4, 5-dimethoxy-o- 
phthalic acid was obtained in the decomposition of pafaverin (B. 24 , 
R. 902). Malty lene-meta-hemi-pinic ether acid (CH,02)C,H,iC 00H), 
is hydrastic acid, formed in the oxidation of hydrastinine. The oxida- 
tion of cotarnine yields eotarnic acid or methylene-methyl ether — 3, 4 5- 
trioxy-o-phthalic acid (CH,0,)(CH,0)C,H(C00H),. 

Iso-phthalie acid, benzene-m-dlearbozylie acid 

V. 

melts above 300° and sublimes. It is formed by oxidising m-xylol and 
m-toluic acid with a chromic acid mixture or permanganate (B. 36 , 
1798) ; by the further oxidation of m-phthalyl alcohol ethyl ether, ob- 
tained from m-xylylene bromide and alcoholic potash (B. 21 , 47), and 
from m-dicyano^benzol and m-cyano-benzoic acid. The last two 
methods permit of nuclear syntheses from the corresponding amido- 
compounds, m-phenylene-diamine and m-amido-benzoic acid. 

The acid is also formed when potassium m-sulpho-benzoate. 
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m-bromo-benzoate, and benzoate are fused with potassium formate 
(terephthalic acid is also formed in the last two cases) ; by the action 
of the ester of chloro-carbonic acid and sodium amigam upon 
m-dibromo* benzene ; also by heating hydro-p)TO-mellitic and hydro- 
prehnitic acids. 

Iso-phthalic acid is soluble in 460 parts boiling and 7800 parts cold 
water. It does not yield an anhydride. Reduction changes it to 
tetrahydro-iso»phthalic acid. The barium salt CeH4(C08)2Ba+6Hj0 
(A. 260 , 30) is very soluble in water (distinction between phthalic and 
terephthdic acids). 

The dimethyl ester melts at 64®. 

The dichlortde melts at 41® and boils at 276®. The dihydra zide melts 
at 220®. Nitrous acid converts it into iso-phthalazide CeH4(CON3)2, 
melting at 56°. Boiling alcohol converts it into m-phenylene-urethane 
(B. 29 , R. 987). 

m-Cyano-benzoic acid melts at 217® (B. 20 , 524). 

m-Dicyano-benzol melts at 158® (B. 17 , 1430). 

Substituted Iso-phthalio Acids. — ^The 5-chloro-, 5-iodo-, and 5- 
amido-phthaiic acids can be prepared from 5-nitro-iso-phthalic acid. 
The nitration and sulphonation of iso-phthalic acid produce 5-nitro-iso- 
phthalic acid and 5-sulpho-iso-phthalic acid (see Benzoic acid). The 
4-bromo-, 4-iodo-, 4-amido-, and 4-sulpho-iso-phthalic acids are obtained 
by the oxidation of the corresponding toluic acids (B. 24, 3778 ; 28, 
84 ; 25, 2795 ; 14, 2278). 2-Nitro- and 2-amido-iso-phthalic acids are 
formed from 2-nitro-m-xylol (B. 39, 73). 4-Chloro-iso-phthalic acid, 
m.p. 294®; 4-acetamido-iso-phthalic acid,m.p. 289®; and 4, 6-diamido- 
iso-phthalic acid are obtained from chloro-, acctamido-, and diacet- 
amido-m-xylol, by oxidation with permanganates (B. 36, 1799, 1803 ; 

C. 1909, II. 1234). 

Tetrachloro-, tetrabromo-, and tctraiodo-phthalic acids melt at 181®, 
290®, and 310® (B. 29, 1632). Tetra-amido-iso-phthalic acid C 4 (NH 2)4 
(COOHjg has been obtained by wav of the iso-purpuric acid, which is 
probably the dinitrile of a dinitro-hydroxylamino-oxy-iso-phthalic 
acid. 

Homologous Iso-phthalic Acids. — There are four theoretically 
possible methyl-iso-phthalic acids, of which uvittnic acid may be 
mentioned. 

Uvitinic acid, mesidic acid, $-methyl-iso-phthalic acid CH 3 [ 5 ]C 4 H 3 
[ii melting at 287°, is obtained by oxidising mesitylene 

with dilute nitric acid. Synthetically, it has been prepared from 
pyro-racemic acid. In this reaction a condensation product resembling 
an aldol is first formed from two molecules pyro-racemic acid by boiling 
with baryta water or, better, with NaHO. This product is para-pyro- 
racemic acid ; two molecules of this condense, with elimination of 
oxalic acid and water, to form methyl-dihydro-trimesinic acid, which 
on prolonged boiling with baryta water, or with concentrated H2SO4, 
splits off COj and 2H atoms and passes into uvitinic acid (Latin uva, a 
grape) (Wolff, 805, 125) : 

CO.COjH 

CH*y OHCH,,C(OH);:;yCO,H CHgy XH^C— CO,H XH=C;;yCO,H 

4- CH3 yC( XH ^CH 

CO,H XH,— CO CO,H CO,H^ XH,~C^CO,H ^CH— C 2 .CO,H 
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If a mixture of pyro-racemic acid and propyl- or iso-butyl-aldehyde 
is used, we obtain 5 -ethyl and 5 -iso-propyl-iso-phthalic acid (D 5 bner, 
B. 28 , 377 ; 24 , 1746). Chromic acid oxidises these to trimesinic acid. 

Distilled with lime, uvitinic acid at first yields meta-toluic acid, 
then toluol. 

Xylidic acid, ^-methyl-iso-phthalic acid CH3[4]CeH3[i, 3](C02H)2, 
melting at 282°, is obtained by oxidising pseudo-cumol, xylic acid, 
and iso-xylic acid with dilute nitric acid. Potassium permanganate 
oxidises it to trimellitic acid. 

2 -Hesityl-iso-phthalic acid, m.p. 235*", results from the reduction 
of 2, 6-dicarbon-phenyl-glyoxylic acid with phosphorus and HI (B. 29 , 
R. 283). 

Oxy-iso-phthalic acids are obtained by the same methods from oxy- 
benzoic acids and aldehyde-oxy-benzoic acids as the latter are got from 
phenols and phenol-aldehydes. Amido- and sulpho-carboxyUc acids 
also serve as foundation material (B. 16 , 1966 ; 25 , R. 9). 

2 -Oxy-, 4 -oxy-, and 5 -oxy-iso-phthalic acids melt at 243°, 305°, and 
288® respectively. The 4-oxy-iso-phthalic ethyl ester, m.p. 57®, is 
formed in small quantity in a peculiar condensation process during the 
action of sodium ethylate free from alcohol upon glutaconic acid ester 
(B. 37 , 2117). 

5 , 2 -Nitro-oxy-iso-phthalic acid, m.p. 214®, from nitro-malonic 
aldehyde and acetone-dicarboxylic acid (C. 1900, II. 561). 

Dioxy-iso-phthalic acid, reso-dicarboxylic acid, m.p. 305®, see B. 
82 , 2796. 

Oxy-uvitinic Acids. — Mention may be made of 4 -oxy-uvitiiilc acid 

(CH3)[5](HO)[4]CeH2[i, 3](C02H)2, produced by the action of chloro- 
form, chloral, or trichloro-acetic ester upon sodium aceto-acetic ester 
(A. 222 , 249). Mcthenyl-bis-acetic acid ester (Vol. I.) is an intermediate 
link (A. 297 , II). 

Terephthalic acid, benzol-p-dicarho xylic acid C3H4[i, 4](C02H)2. 
sublimes without melting. Iso-phthalic acid was obtained from m- 
derivatives of benzene ; in a similar manner terephthalic acid is 
formed from p-di-derivatives : p-xylol, p-toluic acid, p-dicyano-benzol, 
p-cyano-benzoic acid, p-dibromo-benzol, etc. It is obtained in small 
quantities by the action of Mg and COj upon p-dibromo-benzol (B. 
38 , 3796). 

The best course to pursue in forming terephthalic acid is to oxidise 
carraway oil (a mixture of cymol and cuminol) with chromic acid ; or 
it may be prepared from p-toluidin (B. 22 , 2178). 

Terephthalic acid is almost perfectly insoluble in water, alcohol, 
and ether. When reduced it yields di-, tetra-, and hexahydro-tere- 
phthalic acids. It forms no anhydride. 

The barium salt Cj,H404Ba-f4H20 is very slightly soluble in water. 
The methyl ester melts at 140®. 

The chloride melts at 78® and boils at 259®. The amlc acid melts 
at 214®. The dlhydrazlde melts above 300®. The dlazlde C4H4[i,4] 
(CONj), melts at no® (B. 29 , R. 987). 

Terephthalic dl-super-acld (?) CeH4[i, 4](COOOH)2, in rather in- 
soluble explosive needles, from terephthalyl chloride with alkaline 
HjOj, is precipitated by CO, from the alkaline solution as a mono- 
sodium salt ; its othyl ester C4H4{CO,.OC,H5)2, m.p. 37®, from terc 
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phthalyl chloride with barium ethyl peroxide Ba(O.OC2H5)2 (B. 84 , 
766). 

p-Cyano-benzolc acid CN[4]C5H4C02H, from p-amido-benzoic acid, 
melts at 214®. 

p-Dicyano-benzol CeH4[i, 4](CN)2 melts at 215°. 

Mononitro-terephthalic acid melts at 259®. 

It, and sulpho-tcrephthalic acid» are produced in the nitration and 
sulphonation of terephthalic acid. 2 , 8-, 2 , 6-, and 2 , 5 -Dlnitro-phthalio 
acids are also known (B. 28 , 81). 2 , 5 -Diamido-terephthalic acid 
(NH2)2[2, 5]C4H2[i, 4](C00H)2 is infusible ; its diethyl ester is pro- 
duced by the oxidation of di-imino-succinyl-succinic ester with 
bromine. Like anthranilic acid, this acid, which contains the same 
grouping doubled, is capable of forming numerous o-condensation 
products (C. 1907, II, 542). Consult B. 29 , 1625, 2833, for tetra- 
chloro-, tetrabromo- and tetraiodo-terephthalic acids. 

Aikyl-terephthalic Acids. — The oxidation of pseudo-cumol and 
durol gives rise to 4 -methyl-terephthalie acid, a-xylidic acid, melting at 
282®, and to 2 , 5 -dimethyl-terephthalic acid, / 3 -cumidic acid (B. 19 , 2510). 

Oxy-terephthalic Acids. — Oxy-terephthalic acid has been obtained 
from nitro-terephthalic acid. It sublimes without melting. 8, 5 -Dl- 
oxy-terephthalic acid is the most interesting of the three possible dioxy- 
terephthalic acids. Mention is made of it because of its connection 
with succinyl-succinic ester. Its diethyl ester may be prepared by 
withdrawing two hydrogen atoms from succinyl-succinic ester by 
means of bromine or PCI5 (B. 22 , 2107), or by the action of sodium 
ethylate upon dibromo-aceto-acetic ester (A. 219 , 78). 

2 , 5 -Dioxy-terephthalic acid (H0)2CeH2(C02H)2+2H20 crystallises 
from alcohol in yellow flakes. Ferric chloride imparts a deep-blue 
coloration to its solution. When rapidly distilled it decomposes into 
two molecules of carbon dioxide and hydroquinone. 

2 , 5 -Dioxy-terephthalic ethyl ester crystallises in two distinct forms 
at the ordinary temperature in yellowish-green prisms or plates ; at 
higher temperatures in colourless flakes. It also sublimes in the latter 
form. It melts at 133®. In most of its reactions the ester conducts 
itself like an hydroxyl derivative. It does not combine with hydroxyl- 
amine or phenyl-hydrazin, and with sodium and alkyl iodides yields 
dialkyl ether. It, however, does not react with phenyl cyanate 
(B. 28 , 259), and shows some analogies with succino-succinic ester. 
Hence, it is considered a quinone- or diketo-derivative : 




Dioxy-terephthalic ester, by reduction (boiling with zinc and hydro- 
chloric acid in alcoholic solution), is again changed to succinyl-succinic 
ester (B. 19 , 432 ; 22 , 2169). A dihydroxamic acid is formed with 
hydroxylamine hydrochloride ; tetrahydro-dioxy-terephthalio acid is 
produced at the same time (B. 22 , 1280). The different physical 
modifications of the ester and analogous compounds, according to 
Hantzsch, correspond to two desmotropic conditions — the coloured 
variety agreeing with the quinone formula, while the colourless corre- 
sponds to the hydroxyl formula (B. 22 , 1294). However, the colour 
cannot be regarded as a certain criterion for the distinction of the 
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ketone from the hydroxyl form. Even chemical reactions do not 
prove that desmotropic forms can be accepted (Nef, B. 23 , R. 585 ; 
Goldschmidt, B. 28 , R. 260). 

Succinyl-succinic acid, whose ester, by the removal of hydrogen, 
yields 2, 5-dioxy-terephthalic ester, will be discussed in connection 
with the hydro-aromatic compounds. 

Trioxy-dicarboxylic Acids. — Phloro-glucin-dicarboxylic ester, whose 
formation by the condensation of three molecules sodium-malonic ester 
was mentioned in the discussion of benzene ring formations, is dealt 
with as a derivative of triketo-cyclo-hexane among the hydro-aromatic 
compounds. 

Gallo-carboxylle acid, trioxy-o-phthalic acid (HO)3[3, 4, sJCgH 
(C02H)2, melts at 270° with decomposition. It may be prepared from 
pyrogallol by heating it to 130° with ammonium carbonate. Pyro- 
gallo-carboxylic acid is formed at the same time (B. 13 , 1876). 

(b) Aromatic Dicarboxylic Acids containing 1CO2H in the nucleus 
and 1CO2H in the side chain. — The three a-homo-phthalic acids, or 
phenyl-acetic-carboxylic acids, are known. The o-acid readily forms 
heterocyclic derivatives. 

Phenyl-aceto-o-carboxylic acid, o-orhomo^phthalic acid C02H[2] 
C3H4CH2.CO2H, melting at 175°, with the elimination of water, may 
be obtained by fusing gamboge with caustic potash (B. 19 , 1654) ; by 
oxidising indene with KMn04 (B. 32 , 29) ; by reducing phthalonic 
acid with HI (B. 31 , 375) ; and by saponification of its nitriles. Its 
anhydride melts at 141®. On heating, it splits off CO and becomes 
hydro-diphthal-lactonic acid (B. 31 , 376). 

o-Homo-phthalimide, melting at 233®, is produced when the 
ammonium salt is heated, and when acids act upon the dinitrile. In 
the latter case o-cyano-phenyl-acetic acid, produced at first, rearranges 
itself into homo-phthdimide, just as o-cyano-benzoic acid yields 
phthalimide (B. 23 , 2478) It is rather remarkable that o-homo- 
phthalimide, when heated with phosphorus oxy-chloride, yields 
dichloro-iso-quinolin, which becomes iso-quinolin when further heated 
with hydriodic acid (B. 27 , 2232, 2492) : 


.f[i]CH,CN 

CeH/4 

\ i [2]CN 
o-Cyano-benzyl 
cyanide 


XH,.CO FOCI, yCn : CCl 

C.H/ " I — > C.h/ 

Nrn \rr 


. NH 
Homo-phthali- 
mide 


CCl : N 
Dichloro-iso-quino- 
lin 


/CH : CH 

I 

^CH : N 
Isoquinolm. 


Homo-phthalimide is directly converted into iso-quinolin when it 
is heated with zinc dust. 

The hydrogen atoms of the CHg groups are replaced by two alkyls 
when homo-phthalimide is heated with caustic potash and alkyl 
iodides. Mono-alkyl-o-cyano benzyl cyanides }rield mono-aJkyl-homo- 
phthal-imides, which rearrange themselves in the same manner as 
homo-phthal-imide into alkyl-iso-quinolins (B. 20 , 2499), 

(i)-Cyan-o-toluic acid COaH[2]CeH4CHaCN melts with decomposi- 
tion at 1 16®. Its potassium salt is obtained from phthalide and potassium 
cyanide (A, 233 , 102). 

o-Cyano-benzyl cyanide, o-p-homo-phthalo-nitrile CN[2]C6H4CHaCN, 
melting at 81 ®, is obtained from o-cyano-benzyl chloride. Caustic potash 
and alkylogens effect the replacement of an hydrogen atom in the 
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methylene group by an alcohol radicle (see Homo-phthalimide). Acetyl 
chloride converts it into ^^iaeetyl-o-eyano-benzyl cyanide CN.CeH4C 
(CN) : C(CH8)0C0CH3, which may be rearranged into 3-methyl-iso- 
quinolin (B. 27, 2232). 

Homo-iso-phthalic acid and homo-terephthalic acid melt at iSs*’ 
(B. 36, 3611). Both sublime, m- and p-Cyano-benzyl cyanides melt 
at 88® and 100® (B. 24, 2416). The dinitrile, and the two nitrile-^ and 
amtn^-acids, the two possible amido-nitriles, and the diamide of homo- 
terephthalic acid have been prepared (B. 22, 3207 ; 26, R. 89, 602). 

o-Hydro-einnamic-carboxylie acid C02H[2]CeH4CH2CH2C02H melts 
at 165®. It is formed by oxidising tetrahydro-^-naphthyl-amine with 
potassium permanganate, and by the reduction of dihydro-iso-cumarin 
carboxylic acid (B. 26, 1841), as well as from o-carbo-phenyl-glyceric- 
acid-8-lactone (B. 25, 888). It jrields a-hydrindone (B. 26, 708) upon 
dry distillation. 

o-Cyano-benzyl-acetic ester, cyano-hydro-cinnamic ester CN[2]CeH4 
[i]CH 2.CH2.C02C2H5, melting at 98®, is produced by the rearrange- 
ment of the prcHiuct resulting from the action of aceto-acetic ester, or 
malonic ester, and sodium ethylate upon cyano-benzyl chloride (B. 22, 
2017). Concentrated hydrochloric acid converts it into a-hydrindone 

iS.v.) : C.H.<(^“‘>CH,. 

Phenyl-butyric-o-carboxylic acid C 02 H[ 2 ]C 6 H 4 CH 2 .CH 2 .CH 2 .C 02 H 

melts at 138° (B. 18, 3118). 

(c) Aromatic Dicarboxylic Acids, having both carboxyls in different 
side-groups. 

0-, m-, and p-Phenylene-diacetIc acids CeH4(CH2CO 2X1)2, melting at 
150°, 170®, and 244®, have been obtained from the xylylene cyanides 
(B. 26, R. 941). o-Phenylcne-diacetic acid has also been prepared by 
oxidising dihydro-naphthalene {q.v.). Its calcium salt yields jS-hydrin- 
done upon distillation {qv.) (B. 26, 1833). 

0 - Phenylene - aceto - propionic acid CeH4(CH2.COOH)[2](CH2.CH2 
COOH), m.p. 139®, is obtained from ^-oxy-a-naphthoic acid, by 
rupture of the ring, efft cted by sodium and amyl alcohol, just as pimelic 
acid is formed from salicylic acid. It reverts to jS-keto-tetrahydro- 
naphthalene when its calcium salt is distilled (B. 28, R. 745). 

0-, m-, and p-Phenylene-diproptonic acids C4H4(CH2.CH2-CO 2X1)2, 
m.p. 161®, 146®, and 223®, are formed from xylylene-dimalonic acids 
(B. 19 , 436 ; 21 , 37). Also p-pbenylene-di-iso-butyric acid C6XX4[CXl2 
CXI(Cn3)COOXI]2, m.p. 169®, from p-xylylene-dimethyl-malonic acid 
(B. 84 , 2789). 

(9) Aldehydo-dicarboxylic Acids. 

2 -Aldehydo-iso-pbthalic acid, m.p. 176®, results from heating 
2, 6-dicarbo-phenyl-glyoxylic acid (B. 26 , 1767 ; 30 , 693). 

5-Aldehydo-4rOxy- and 5-aldehydo-2-oxy-iso-phthalio acids are 
formed from the corresponding oxy-iso-phthalic acids by means of 
chloroform and caustic potash (B. 11, 793). 

(10) Tricarboxylic Acids. 

The three isomeric benzene-tricarboxylic acids C3H3(C02H)3 are 

known. Trimesic acid, (1, 8, 5 )-benzol-tricarboxyllc acid, melts about 
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300®, and sublimes near 300®. It is formed (i) when mesitylenic and 
uvitinic acids are oxidised with a chromic acid mixture ; (2) by heating 
mellitic acid with glycerol, or hydro- and iso-hydro-mellitic acid with 
sulphuric acid. A synthetic method for its production consists in 
(3) heating benzol-i, 3, 5-trisulphonic acid with potassium cyanide, and 
saponifying the resulting tricyano-benzol. By the condensation of 
certain aliphatic substances the acid and its esters have been obtained 
(i) by polymerising propiolic acid ; (2) by the production of its mono- 
methyl ester through the action of caustic potash upon coumalic acid 
(B. 24 , R. 750) ; (3) its triethyl ester from formyl-acetic ester. 

The intermediate formation of the latter may also explain (4) the 
synthesis of trimesinic acid ester from formic and halogen-acetic esters 
with zinc (C. 1898, II. 472). 

Its trlmethyl ester melts at 143®. Its triethyl ester melts at 133®. 

Trimellitic acid, (i, 2, ^ybenzoUtricarhoxylic acid. — This is obtained 
(together with iso-phthalic acid) by heating hydro-p5TO-mellitic acid 
with sulphuric acid, or upon oxidising xylidic acid with potassium 
permanganate, also from amido-terephthalic acid (B. 19 , 1635), It 
is prepared most readily (along with iso-phthalic acid) by oxidising 
colophonium with nitric acid (A. 172 , 97). It melts at 216°, decompos- 
ing into water and the anhydride CeH2(C02H)(C0)20. The latter 
melts at 158®. 

Hem! - mellitic acid, (i, 2, ^-benzol - tricarboxylic acid. — This is 
formed on heating hydro-mellophanic acid (below) with sulphuric 
acid, as well as in the oxidation of phenyl-glyoxyl-dicarboxylic acid, 
formed from naphthalic acid by action of KMn04 (B. 29 , 283). It 
melts at 185° and decomposes into phthalic anhydride. Triethyl ester, 
ni P- 39 ° (B. 29 , R. 283 ; 31 , 2084). 

Oxy-tricarboxylic acids have been obtained from the sulpho-tri- 
carboxylic acids : oxy-trimeslc acid (A. 206 , 204) ; oxy-trimellitic acid 
— see B. 16 , 192. 

The condensation of sodium-acetone-dicarboxylic ester into dioxy- 
phenyl-aceto-dicarboxylic ester is dealt with in connection with hydro- 
aromatic compounds. 

(ii) Aromatic Tetracarboxylic Acids. 

The three isomerides are known. Reduction converts them into 
tetrahydro-benzol-tetracarboxylic acids (see these). 

Pyro-mellltic acid, i, 2, 4, ybenzene-tetracarboxylic acid C^H2(CO^K)^ 
+ 2H2O, melts when anhydrous at 264®, and decomposes into water 
and its anhydride, which is produced when mellitic acid is distilled, 
or, better, when the sodium salt is subjected to the same treatment 
with sulphuric acid. The acid is also produced by oxidising durol 
and durylic acid with potassium permanganate. 

The di-anhydride melts at 286®. The ethyl ester 

CeH2(C02.C2H5)4 melts at 53 °. 

Dinitro- and dlamido-hydro-mellitic tetra-ethyl esters melt at 130® 
and 134®. Nitric acid oxidises the diamido-ether to — 

Qulnone-tetracarboxyllc ester 0,(0 2) (€02.02115)4, crystallising in 
quinone-yellow needles, melting at 149®. It is odourless, but sublimes 
quite readily. Zinc reduces it in glacial acetic acid solution to — 
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Hydroquinone-tetraoarboxyllc ester Ce(OH)2(COt.C2H5)4, crystallis- 
ing in bright yeUow needles, melting at 127®. It may be obtained 
from sodium-acetone-dicarboxylic ester with iodine (B. 80 , 2570). In 
alcoholic solution it is reduced by zinc dust and hydrochloric acid to 
p-diketo-hexamethylene-tetracarboxylic ester (A. 237 , 25). 

Prehnitie acid, (i, 2, 3, ^yhenzene-tetracarhoxylic acid C4H2(C02H)4 
+2H2O melts when anhydrous at 237®, with the formation of an an- 
hydride. It results (together with m^ophanic acid and trimesic acid) 
upon heating hydro- and iso-hydro-mellitic acid with sulphuric acid, 
also by oxidising prehnitol with potassium permanganate (B. 21 , 907). 
The salts of this acid form crystals resembling the mineral prehnite. 

Hellophanic acid, (i, 2, 3, ^ybenzene-tetracarboxylic acid, melts at 
238®, >^ath anhydride formation. It is formed by the oxidation of 
iso-durol with KMn04 ; see Prehnitie acid. 

(12) Aromatic Pentacarboxylic Acid. 

Benzene-pentacarboxylic acid C4H(C02)H5+6H20 decomposes 
when it is melted. It is produced by oxidising pentamethyl-benzene 
with permanganate (B. 17 , R. 376). Also from charcoal with concen- 
trated sulphuric acid (C. 1901, II. 108). 

(13) Aromatic Hexacarboxylic Acid. 

MelUtio acid C4(C02H)4. \Vlien heated it melts and decomposes 
into w^ater, carbon dioxide, and pyro-mellitic anhydride. 

Honey-stone, found in some lignite beds, is an aluminium salt of 
mellitic acid, crystallising in large quadratic pyramids of bright yellow 
colour (B. 10 , 566). 

An interesting formation of mellitic acid is that whereby pure 
carbon (graphite, charcoal, etc.) is oxidised with an alkaline solution 
of potassium permanganate. Another is when the carbon is applied 
as positive electrode in electrolysis (B. 16 , 1209), and also the oxida- 
tion of hexamethyl-benzol with KMn04. 

As hexamethyl-benzol can be synthesised, this latter method of 
formation would be a S5mthesis of mellitic acid. 

Mellitic acid crj^stallises in fine silky needles, readily soluble in 
water and alcohol. It is very stable, and is not decomposed by acids, 
by chlorine or by bromine, even upon boiling. It yields benzene when 
distilled with lime. 

History, — Klaproth (1799) discovered mellitic acid by boiling 
honey-stone for a long period with water, and named it honey-stone 
acid. In 1870 Baeyer proved that mellitic acid was nothing more than 
benzol-hexacarboxylic acid, in that, by heating with lime, he obtained 
benzene, and by reduction found hexahydro-meUitic acid (A. suppl. , 7 , i) . 

Salts and Esters. — The barium salt C22Ba30i2+3H20 is insoluble 
in water. The methyl ester melts at 187® ; the ethyl ester melts at 73®. 

The chloride ^(COCl)^ melts at 190®. 

Mellimide, par amide formed in the dry distilla- 

tion of the ammonium salt. It is a white, amorphous powder, insoluble 
in water and alcohol. Heated to 200® with water, it is converted into 
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the tri-ammonium salt of mellitic acid. The alkalies convert paramide 
into euchroic acid. 

Euchroio acid crystallises iq colourless 

prisms. Heated with water to 200®, it yields mellitic acid. Nascent 
hydrogen changes euchroic acid to euchrone, a dark-blue precipitate, 
which reverts to colourless euchroic acid upon exposure. Euchrone 
dissolves with a dark-red colour in alkalies. 

3. Aromatic Polyalcohols, containing more than one Hydroxyl Group 
in the same Side Chain, and their Oxidation Products. 

Of the aromatic polyalcohols, having the hydroxyl groups attached 
to different carbon atoms of the same side chain, it is only the glycols, 
and their oxidation products, which have been studied in any sense 
completely. A more detailed classification of the polyhydric alcohols 
and their oxidation products is therefore unnecessary ; the compounds 
belonging here will, for practical considerations, be included with the 
glycols and their oxidation products. 

(i) Phenyl-glycols and Phenyl-glycerin. 

Phenyl-glycols are produced (i) from the dibromides or bromo- 
hydrins of the olefin-benzols with potassium carbonate or baryta 
water ; (2) by gentle oxidation of the olefin-benzols with potassium 
permanganate ; (3) by nuclear synthesis in the action of alkyl- 
magnesium haloids upon aromatic oxy-acid esters and oxy-ketones, e.g, 

CgH6CH(OH)CO,R C,HsCH(OH).C(OH)(CH 3),. On heating 

with dilute sulphuric acid the i, 2-phenyl-glycols split off water and 
form aldehydes and ketones, the primary-secondary and primary- 
tertiary glycols becoming aldehydes without transposition, and the 
di-secondary and secondary-tertiary glycols becoming ketones, or alde- 
hydes, with migration of the phenyl group (Tiffeneau, C. 1907, I. 1577). 

Styrolene alcohol C6H5.CH(0H).CH2.0H, phenyl-glycol, melts at 
67°, boils at 273°, and is obtained from styrol dibromide by the action 
of a potash solution. Dilute nitric acid oxidises it to benzoyl-carbinol 
and benzoyl-formic acid (A. 216, 293). 

Heated with dilute sulphuric acid, it becomes phenyl-acetaldehyde. 
By the action of 65 per cent, sulphuric acid two molecules are condensed 
to j3-phenyl-naphthalin (y.i;.). Methylene ether, b.p. 218°, from 
phenyl-glycol and formaldehyde (B. 32, 568). 

Sym. phenyl-methyl-glycol CeH5CH(OH).CH(OH).CH3, a-modifi- 
cation, m.p. 57°, jS-modification, m.p. 93°. This glycol occurs, like 
hydro-benzoin, in two modifications, generated from the corresponding 
dibromide (from n-propyl-benzol). Both modifications, on boiling 
with dilute H2SO4, yield phenyl-acetone, and, on oxidation with HNO,, 
phenyl-methyl-glyoxal (B. 43, 849). 

Unsym. phenyl-methyl-glycol C3H5(CH3)C0H.CH20H, m.p. 41®, 
b.p. 20 161®, by methods i and 3; yields on heating with dilute 
H2SO4 hydratropic aldehyde (C. 1907, I. 1578). 

l-Phenyl- 2 , 3 -propylene-glycol C0H5CH2.CH(OH).CH2(OH), b.p.„ 
163® , and l-phenyl-3,4-butylene-glyeolC0H5CH g.CH jXH (OH) .CH ,(OH ) . 
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b.p.i4 178®, are formed by the action of phenyl- and benzyl-magnesium 
bromide respectively, upon glycerin-a-monochloro-hydrin (C. 1905, 
II. 1752 ; 1907, 1 . 1033). 

Sym. dimet^l- and diefhyl-phenyl-glyool CeH5CH(OH).C(OH)R„ 
m.p. 63® and 78®, by method 3. On heating with dilute H2SO4 they 
pass into dimethyl- and diethyl-phenyl-acetaldehyde respectively, with 

phenyl migration (C. 1909, I. 1335). 

Phenyl-butylene-glycol C4H5CH(OH)CH2.CH2.CHa(OH), melting at 
75®, is obtained by reduction from benzoyl-propionic aldehyde and 
benzoyl-propyl alcohol. 

Phenyl-lso-propyl-et^lene-glycol CeH5CH(OH)CH(OH)CH(CH3)2, 
melting at 81® and boiling at 286®, results from the reduction of benz- 
aldehyde and iso-butyl-aldehyde. 

Hethylene-m, p-dloxy-benzyl-glycol [CKjOalb, 4]CeH3CH2CH(OH) 
CH2(0H), melting at 82®, and methylene-m, p-dioxy-phenyl-ethylene- 
methyl-glycol (CH202)[3» 4]QH3.CH(OH).CH(OH).CH3, melting at 
loi®, result from the action of KMn04 (B. 24 , 3488) upon safrd and 
iso-safrol. The corresponding glycols, melting at 68° and 88®, are 
obtained from anethol, eugenol, and iso-eugenoL 

Stycerine C4H5 CH(OH).CH(OH).CH.j l)H. a rubber-like mass, is 
obtained from styrone bromide, CgHjCHBr CHBr.CHaOH or cinnamic 
alcohol and potassium permanganate (B. 24 , 3491). 

Phenyl-alkylene oxides are obtained from the halogen hydrins of 
the phenyl-glycols by treatment with alkali. On heating by themselves, 
or by warming vnth dilute sulphuric acid, they are converted into 
aldehydes or ketones (C. 1905, II. 1628). 

Styrol oxide, phenyl-ethylene oxide C3H5CH O.dHg, b.p. 191°, from 
phenyl-glycol-iodo-hydrin and caustic potash ; gives phenyl-acetalde- 
hyde and diphenyl-diethylene oxide with dilute acids (C. 1908, 1 . 1776). 

Unsym. phenyl-methyl-ethylene oxide C6H5(CH3)(I:.O.dH2, b.p.j, 
S5°~88°, converted into hydratropic aldehyde with dilute acids or on 
heating alone (B. 38 , 1969). 

Sym. phenyl-methyl-ethylene ox ide C 3H5CH.O.(!h.CH 3, b.p.^j 93®. 
y-Phenyl-propylene oxide C4H3CH2dH.O.dH2, b.p.j^ 94°-98° (C. 1905, 

II. 237). 

Haloid Esters of the Phenyl-glycols.— (a) Halogen Hydrins. — Of 

particular interest is the behaviour of the halogen hydrins of phen} l- 
glycols in the presence of silver nitrate and mercuric oxide respec- 
tively. W^ile caustic alkalies transform them, as above mentioned, 
into the corresponding alkylene oxides with elimination of hydrogen 
haloids, the action of silver nitrate, or mercuric oxides, with the same 
elimination, produces aldehydes and ketones respectively, with migra- 
tion of the phenyl group (Tiffeneau, C. 1907, I. 1577) : 

C,H,CH(OH).CHI.CH, OCH.Ch/^**» 

\C4H1 

^j|‘'^C(OH).CH,I > CH,CO.CH,.C,H,. 

That in these transpositions the splitting off of HI probably takes 
place at the same carbon atom, is indicated by the fact that the iodo- 
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hydrin ethers, treated with mercuric oxide, also pass into phenyl- 
vinyl ethers with migration of the phenyl (C. 1908, 1 . 828) : 

ch80c,H4CH(oc,h,).chi.ch, — c,h.cx:h : 

a-Phenyl-ethylene-jS-iodo-hydrin CeH5CH(OH).CH2l, b.p.^g 148°- 
152®, with decomposition into HI and aceto-phenone ; formed from 
styrol {q,v,) with iodine, and yellow HgO, in aqueous etheric solution. 
The isomeric a-phenyl-ethylene-a-iodo-hydrin C«H5CHLCH2(OH ) , 
m.p. 79®, is obtained by the attachment of HI to styrol oxide (C. 1908, 

l. 4.2, 1777). 

jS-Phenyl-propylene-glycol-a-chloro-hydrin CeH5(CH3)C(OH).CH2Cl, 
b.p.i7 124®, is formed by the action of C^H^MgEr upon chloro-acetone 
and of CHjMgl upon co-chloro-aceto-phenone, or by the attachment 
of hypo-chlorous acid to iso-propeny 1-benzol. 

Bromo-hydrin, b.p.jg 141®. lodo-hydrin, b.p.^ 145® (C. 1907, 1 . 
1200). 

Benzyl-glycol-chloro-hydrin CeH5CH2CH(OH).CH2Cl, b.p.27 153®. 
by the action of C^HgMgBr upon epi-chloro-hydrin (C. 1908, I. 830). 

(h) Dihaloids. — ^These are formed by the attachment of halogens 
to olefin-benzols. In the dibromides of the olefin-phenols, and their 
ethers, as in the oxy-phenyl (or pseudo-phenol) haloids, the bromine 
atom occupying the a-position towards the phenyl group is very mobile, 
and by treatment with aqueous acetone, sodium ^coholate, potassium 
acetate, aniline, etc., it can be easily replaced by the groups OH, OC2H3, 
OCOCH3, or NHCgHg. The action of concentrated nitric acid upon 
these dibromides is peculiar, the a-bromine atom migrating to the 
nucleus, and a-ketones being formed. Thus anethol dibromide yields 
(CH30)BrCeH3C0.CHBr.CH3 (B. 88, 3458). 

Styrol dichloride, a, p-dichloro-ethyl-benzol C3H5CHCICH2CI, liquid. 
Styrol dibromide, m.p. 60®. Anethol dibromide CH30C3H4CHBr. 
CHBrCH3,m.p. 65®. Iso-safrol dibromide 
liquid (B. 28 , 2719). 

Phenyl-oxalky 1 -amines. — ^These compounds have attained great 
importance since it has been found that adrenalin, a body of great 
physiological significance, belongs to this class of compounds. These 
substances are obtained (i) from phen^d-glycol halogen hydrins b}’ 
transformation with amines ; (2) by reduction of the aromatic ami do- 
ketones ; and (3) of the oxy-acid nitriles. 

Phenyl-oxethyl-amine C3H5CH(OH).CH2NH2. The chlorohydrate 
melts at 177°, the picrate at 154®. By reduction of mandelic acid 
nitrile with sodium amalgam (C. 1908, I. 430). 

l.Methyl-amido- 2 -phenyI. 2 -propanol C3H3(CH3)C(OH).CH2NHCH3. 
b.p.33 137°, and l-methyl-amido- 3 -phenyl- 2 -propanol C3H5CH2.CH 
{0H).CH2NHCH3, b.p.22 148®, by method i (C. 1905, 1 . 232). 

EphedrinC2H5CH(OH).CH(NHCH3).CH3(?), m.p. 39®; chlorohydrate, 

m. p. 210®, has been isolated from Ephedra vulgaris besides the stereo- 
isomeric (?) pseudo-ephedrin (B. 22 , 1823). By heating with HCl, or 
acetic anhydride, they can be converted into each other (C. igio, 11 . 
1480). Both chlorohydrates decompose in dry heat into methyl-amine 
chloride and propio-phenone (C. 1909, I. 1705). 

8, 4 -Dloxy-phenyl-oxetliyl-amliie (OH),^, 4]CeH3[i]CH{OH).CH, 

VOL. II. 2 B 
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NH,, white crystalline meal, melting at 191® with decomposition, is 
formed by the reduction of amido-aceto-pyro-catechin or of proto- 
catechin- aldehyde -cyano- hydrin with sodium amalgam (C. 1908, 

I- 430). 

Adrenalin, snprarenin (HO)2[3, 4]CeH3[i]CH(OH).CH2NHCH3, 
m.p. about 216® with decomposition, was isolated in 1901 by J. Taka- 
mine (C. 1901, II. 1354) from the extract of suprarenal capsules, whence 
the name (Latin renes, kidneys). It is of great physiological and phar- 
maceutical importance, since even in very small quantities it produces 
a great increase of the blood-pressure and a contraction of the peri- 
pheral blood-vessels. 

Adrenalin is optically active, its specific rotatory power for D being 
—53*5“ If dissolves with difficulty in water and the organic sohxnts, 
but easily in acids and alkalies. On heating with NaHO, it decom- 
poses with elimination of methyl-amine. Methylation, and subsequent 
oxidation, produce veratric acid. This settles its constitution, which 
is confirmed by synthesis. The latter starts from chloraceto-pyro- 
catechin (obtained from pyro-catechin and chloracetyl chloride), which 
yields inactive adrenalin by transformation with methyl-amine and 
reduction with A 1 amalgam (F. Stolz, B. 37 , 4149 ; C. 1905, 1 . 315) : 

. .fiJCO.CHgCl /CO.CH,NHCH, /CH(0H).CH,NHCH, 

OH t3]0H ► C,H, { OH ► C,H. { OH 

U 430 H lOH toH 

The racemic adrenalin so obtained can be decomposed into its 
optically active components by means of its tartrates. The laevo- 
modification agrees in all its properties with the natural product (Z. 
physiol, Ch. 58 , 189). It is remarkable that the physiological effects 
of laevo-rotator}' adrenalin are about fifteen times as great as those of 
the dextro-rotatory modification. 

A number of derivatives of adrenalin have been obtained sj ntheti- 
callv, and some of them show similar physiological effects. 

Adrenalin-dimethyl ether {CH^O)^C^U:,CH{OU),CH,,^llCU^, m.p. 
104®, and adrenalin-methylene etherCH2(0)2CeH3CH(0H).CH2NHCH3, 
m.p. 96®, are obtained from the bromo-hydrins of the corresponding 
olefin-phenol ethers, by transformation with methyl-amine (C. 1910, 
1. 2115). 

(2) Phenyl-alcohol Aldehydes. 

Just as two molecules of acetaldehyde condense to aldol, so the 
nitro-benzaldehydes combine with acetaldehyde, under the influence 
of very dilute sodium hydroxide (2 per cent.) to the corresponding 
aldols, the nitro-phenyl-lactlcacidaldehydesN02C3H4CH(OH)CH2CHO, 
which unite with an additional molecule of acetaldehyde. Dehydrating 
agents, hke acetic anhydride, convert them into the corresponding 
nitro-cinnamic aldehydes (B. 18 , 719). 

o-Oxy-mandelic aldehyde, o-oxy-phenyl-glycol aldehyde HO[2]CeH4 
CH(OH)CHO, m.p. 64°, has been obtained from cumarone dichloride 
by splitting up with sodium acetate (A. 818 , 96). 

Phenyl-glyeerin aldehyde C4H5CH(OH)CH)OH(CHO ; its dimethyl- 
acetal, m.p. 80®, is formed by oxidation of cinnamic aldehyde-acetal 
with permanganate ; phenyl-hydrazone, m.p. 170® (B. 81 , 1995). 
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Phenyl-tetrose C.H,.CH(OH)CH.OH.CH(OH).COH is a colourless 
syrup resulting from the reduction of phenyl-trioxy-but)n:ic acid lactone 
(g.v.). Its ph$nyUhydraz(me melts at 154®. 

( 3 ) Phenyl Ketols. 

Aceto-phenone aleohol, benzoyl-carbinol CeH,.CO.CHa.OH, crys- 
tallises from water and dilute alcohol in large, brilliant flakes, which 
contain water of crystallisation, and melt at 73®. It crystallises from 
ether in shining anhydrous plates, and melts at 85®. It is produced 
in the oxidation of phenyl-glycol, and from its chloride, co-chloraceto- 
phenone, by its conversion into acetate and saponification with potas- 
sium carbonate (B. 16 , 1290 ; 89 , 2294). Al^ from w-diazo-aceto- 
phenone by means of dilute HaS04 ; and by the action of benzene and 
AlCl, upon acetyl-glycolic acid chloride (A. 868, 89). 

When distilled it decomposes, with formation of bitter-almond oil. 
Being a ketone, it forms crystalline compounds with primary alkaline 
sulphites. With hydroxylamine it forms an oxime, melting at 70® ; 
with phenyl-hydrazin, a phenyl-hydrazone, m.p. 112® ; and further, the 
osazone of phenyl-glyoxal. Like acetyl-carbinol, it reduces a cold 
ammoniacal silver or copper solution (forming benzaldehyde and ben- 
zoic acid), and is oxidised to mandelic acid (B. 14 , 2100). Nitric 
acid oxidises it to phenyl-glyoxylic acid. It yields cyano-hydrin 
with CNH, which then forms a-phenyl-glyceric acid, or atro-glyceric 
acid (q.v.). 

Cai»C(O.CHf)— O— CHi 

Bis-methyl-benzoyl-carbinol I I , melt- 

CHi 0--C(CX:Hi)CeH, (?) 

ing at 192®, is formed from benzoyl-carbinol with methyl alcohol and 
hydrochloric acid (B. 28 , 1161). 

Benzoyl-carbinol acetate C«H,CO.CH,.O.COCH, melts at 49® and 
boils at 270®. The benzoaU melts at 117®. The phenyl ether melts 
at 72®. 

(o-Chloro-aceto-phenone, phenacyl chloride, benzoyl-carbinol chloride 
QHjCOCHaCl, melting at 59® and boiling at 245®, results from the 
chlorination of boiling aceto-phenone (B. 10 , 1830), as well as from 
benzene, chloracetyl chloride, and aluminium chloride. 

u>-Bromo-aceto-phenone, phenacyl bromide CeHj.CO.CHaBr, melting 
at 50®, attacks the mucous membrane quite powerfully. It is obtained 
from aceto-phenone and bromine, also by heating dibromatro-lactinic 
acid with water (B. 14 , 1238). An excess of alcoholic ammonia changes 
it to iso-indol — a hydrazin derivative. With methyl-ethyl sulphide 
it combines to phenacyl-methyl-ethyl-sulphinium bromide CeHtCOCHaS 
(CH,)(CaH5)Br, which maybe split up into optically active components 
by means of bromo-camphor-sulphonic acid (see unsym. sulphur 
atom, C. 1900, II. 960). The acid amides and thiamides change the 
(o-haloid aceto-phenones into oxazole and ihiazole derivatives (q.y.). 
With excess of alcoholic ammonia, phenacyl bromide passes into 
diphenyl-dihydro-pyrazin. 

Gallo-chloro-aceto-phenone CtHt(OH)»COCHaCl, and «-bromo- 
resaceto-phenone, containing the hydroxyl group in the ortho-position, 
part with halogen hydrides, and become cumarone derivatives (B. 
80 , 299). 
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cu-Iodo-aceto-phenone, phenaoyl Iodide C^H^COCHJ, m.p. 30*^, 
from a>-chloro- or bromo-aceto-phenone with potassium iodide (C. 1899, 
559 I B* S2, 532). It forms with Ag nitrite : 
co-Nitro-aeeto-phenone C^HgCOCHj.NO,, m.p. 108®. This is also 
obtained from its dimethyl-acetal CeH5C(0CH3)2CH2.N02, m.p. 56® 
(B. 86 , 2558). In potash it dissolves to form the salt CeH^COCH : 
NOOK. Stannous chloride reduces it to — 

co-Amido-aceto-phenone CeH5.CO.CH2.NH2 which is unknown 
in a free condition. The chlorohydrate CeH5.CO.CH2.NH2HCl, 
melting at 183®, is formed when the iso - nitroso - aceto - phenone 
is reduced with tin and hydrochloric acid (B. 28 , 254), or by the 
breaking up of phthalimino-aceto-phenone CeH4(CO)2NHCH2COCeH5 
with concentrated HCl. The free a> - amido - aceto - phenone is 
unstable, like the a-amido-ketones of the aliphatic series. Liber- 
ated from its chlorohydrate with NaHO, or ammonia, it immedi- 
ately splits off water and passes into diphenyl • dihydro •pyrazin 
CH \ 

C.H.C which is also obtained, with small quantities 

of diphenacyl-amine (C4H5COCH2)2NH, m.p. 75®, by the action of 
ammonia upon ct>-bromo-aceto-phenone. Heating with HCl regenerates 
the chlorohydrate. ith excess of NaHO it loses water, and easily 
passes into a base isomeric with diphenyl-dehydro-pyrazin, probably 

3, $-dipkenyl-4-amido-pyrrol NH<(c(C^ivC C, h’ With 

sodium nitrite the to-amido-aceto-phenone chloride yields cu-diazo- 
aceto-phenone, benzoyl-diazo-methane C,H,COCH<^^, m.p. 50°, which 

also results from benzoyl-acetone-diazo-anhydride by splitting up 
with ammonia. Diazo-aceto-phenone, on boiling with dilute H^SO,, 
is decomposed into N, and benzoyl-carbinol. With iodine it yields 
a>-di-iodo-aceto>phenone C,HjCOCHI, ; with KCN it forms a potas- 
sium salt of phenacyl-azo-cyanide C.HjCOCHgN : NCN, colourless 
crystals, m.p. 72° with decomposition, which, with H^SO,, yields 
phenaeyl-azo-carbonamide C,Hj.COCH,N : NCONH,, m.p. 217® with 
decomposition (A. 325 , 141). 

w-Methyl-amido-, dimethyl-amldo-aceto-phenone, and co-trimethyl- 
amido-aeeto-phenone bromide C,H,COCH,N (CH3)Br are generated 
from phenacyl bromide with mono-, di-, and trimethyl-amine (C. 1899, 

l. 1284). 

&)-Aeeto-phenone-anilide, phenacyl-anilide CgHj.CO.CHjNHCgHj, 

m. p. 93°, from cu-bromo-aceto-phenone and anUine (6. 15 , 2467), may 
be condensed to a-phenyl-indol (B. 21 , 1071, 2196, 2595). 

p-Amido-benzoyl-carbinol NHg[4]C,H4COCH,OH, m.p. 165®, is 
obtained by transforming a body obtained synthetically from acet- 
anilide and chloracetyl chloride by means of AlCl,, viz. p-acetamido- 
phenacyl chloride CHgCONHCjH4COCH,Cl, m.p. 212® (B. 88 , 2644). 

a-Amldo-propio-phenone C4H4.CO.CH(NH2)CH3, chlorohydrate, 
m.p. 183®, by reduction of iso-nitroso-propio-phenone, or from phthalyl- 
alanyl chloride, benzol, and AlCl,. Like (i;-amido-aceto-phenone, the 
free base liberates water and passes spontaneously into 2, $-ditnethyl- 

3, 6 -diphenyl-dihydro~pyraxin from which 

HQ generates, besides some of the original amido-ketone, the isomeric 
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a-amido-a-pbenyl-acetone CeHaCH(NH,)COCH8, which may be ob- 
tained by reduction of the iso-nitroso-pheny 1 -acetone (B. 41 , 1146). 

Phenyl-aeetyl-carbinol CaH5CH(OH)COCH3, 135°, from a- 

bromo-benzyl-methyl-ketone CaHaCHBrCOCHj by way pf the acetate 
(C. 1904, I. 24). 

a-Benzyl-amido-acetone CeH5CH2CH(NH2)COCH8 whose chloro- 
hydrate melts at 127®, is formed by reduction of iso-nitroso-benzyl- 
acetone (B. 40 , 4666). 

Corresponding to the nitro-phenyl-lactic aldehydes we have 0- and 
p-nitro-phenyl-lactic ketones, m.p. 69° and 58°, the condensation pro- 
ducts of o- and p-nitro-benzaldchyde and acetone, in the presence of 
very dilute NaHO. By boiling with water or by excess of NaHO the 
o-nitro-ketone is converted into indigo (q.v.) with rejection of acetic 
acid and water (B. 16, 1968). See also Nitro-benzylidene-acetones. 

a>-Chloraceto-pyro-catechin (OH)2[3, 4]C8H3C0CH2C1, m.p. 173®, 
from pyro-catechin and chloracetyl chloride, yields with methyl-amine 
ai*methyl-amido-aceto-pyro-catechin (OH)2C6H3COCH2NHCH3, chloro- 
hydrate, m.p. 240° (B. 37 , 4152). 

Benzoyl-butyl-carbinol CeH5.C0.[CH2]3.CH20H, m.p. 40® (B. 23 , 
R. 500). 

jS-Amldo-propio-phenone C3H5COCH2.CH2NH2, chlorohydrate, m.p. 
128®, is formed from a-phthalyl-anyl chloride, benzene, and AICI3. 
NaHO liberates the free base as an oil (B. 41 , 244). 

y-Amido-butyro-phenone CeH5CO.CH2.CH2.CH2NH2 is unstable ; 
it passes spontaneously into 2-phenyl^yrrolin (B. 

41 , 513) with liberation of water. A similar dehydration occurs in 
8-amido-valero-phenone CeH3COCH2.CH2.CH2.CH2NH2, from phthal- 
imido-valerianic acid, which is easily reduced to 2 -phenyUteira-hydro- 
pyridin. On the other hand, €-amido-capro-phenone C3H5CO[CH2]4 
CH2NH2, whose chloroh} drate melts at 154®, shows no tendency to 
split off water. The free base is an oil volatile in steam, and has a 
peculiar odour (B. 41 , 2014). 

Triphenyl-acyl-methyl-amine [C3H5COCH2CH2]3N, chlorohydrate, 
m.p. 201®, is formed on heating aceto-phenone, AmCl, and formaldehyde 
solution ; on distilling with steam, it decomposes, forming phenyl- 
vinyl-ketone (B. 39 , 2181). 

(4) Phenyl-aldehyde Ketones. 

a-Ketone-aldehydes. — Phenyl-glyoxal, henzoyl-formaldehyde C3H5. 
C0.CH(0H)2, melts at 73®. The anhydrous aldehyde boils at 142® 
(125 mm.). It has a penetrating odour. It is obtained from its 
aldoxime, iso-nitroso-aceto-phenone, upon boiling the sodium sulphite 
derivative with dilute sulphuric acid (B. 22 , 2557). Alkalies convert 
it into mandelic acid ; potassium cyanide condenses it to benzoyl- 
formoln, just as it changes benzaldehyde to benzoin. It yields quin- 
oxalins with o-diamines. 

(o-Dlchloro-aceto-phenone QHj.CO.CHCl,. boils at 253®. (B. 40, 
531). w-Dibromo-aceto-phenone C 4 H 5 .CO.CHBr,., m.p. 36® (B. 10, 
2010; A. 196, 161). (o-Dibromo-p-iodo-aceto-phenone (B. 24, 997). 
ai-Diohloro-o-nitro-aceto-phonone melts at 73® (A. 221, 328). w-Dl- 
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bromo-o-, in-, and p-nitro-aoeto-phanoiia melt at 85*, 50*. and 08° 
(B. 20, 2203 ; 18 , 2240 ; 22, 204). 

Iso-nltroso-aceto-phenone, bmzoyl-formoxime C,H,CO.CH(N.OH), 
m.p. 127®, is obtained from aceto-phenone (B. 24 , 1382 ; 26 , 3459 ; 

A. 858 , 56). It forms diphenyl-p3rra2in (q.v.) by reduction. Phenyl- 
glyoxlme C(H,C(NOH).CH(NOH) is known in two modifications 
(compare benzile dioximes) : 

C.Hf.C C.H C«H|.C— C.H 

N.OHN.OH' ' HO.N N.OH ' ' 

Phenyl-amphi-glyoxime. m.p. i68* Phenyl-anti-glyoxime, m . p. i8o^. 

Phenyl-amphi-glyoxime is produced when hydroxylamine acts 
upon «-dibromo-aceto-phenone and iso-nitroso-aceto-phenone. When 
treated in absolute ether with hydrochloric acid gas, it changes to the 
imti-modification, which reverts to the amphi-modification by recrystal- 
lisation from indifferent solvents (B. 24 , 3497). See also Phenyl- 
furoxane. 

a'Phenyl-glyoxal-phenyl-hydrazone CeH,C(NNHC8H5)CHO (?),m.p. 
142®, from phenyl-glyoxal with phenyl-hydrazin, and the )0-hydrazone 
CgHjCOCH : NNHCtH#, two mo^cations easily converted into each 
other, m.p. 138° and 114®, from benzoyl-acetic acid with diazo-benzol 
(B. 22 , 2557 ; 84 , 2001). 

Phenyl - glyoxal- phenyl - osasone CeHs . C : (N . NH . C^Hs) . CH : 
(N.NHCjHe) melts at 152®. (See Benzoyl-carbinol-phenyl-hydrazone, 

B. 22 , 2258). Phenyl-glyoxal-methyl-phenyl-osazone melts at 152® 
(B. 21 , 2597). 

p-Tolyl glyoxal CH,C,H.CO.CH(OH), melts at loi® (B. 22 , 2560). 

r[i]C— CHO 

Anthroxan-aldehyde c.H4| I^q , melting at 72°, is formed 

from o-nitro-phenyl-glycidic acid (B. 16 , 2222) (compare anthranile). 

jS-Ketone-aldehydes. — Fortnyl-acelo-phenone, or benzoyl-acetaldehyde, 
was formerly regarded as /3-ketone-aldehyde, in which, as in formyl- 
acetone, an unsaturated ketol, oxy-methylene-aceto-phenone, is present. 
This will, therefore, be discussed later in connection with the com- 
pounds containing an unsaturated side chain. The sodium salt of 
oxy-methylene-aceto-phenone and hydroxylamine hydrochloride yield 
benzoyl-acetaldoxime C,H,.CO.CH,.CH : N.OH, melting at 86°, which 
acetic anhydride converts into cyanaceto-phenone and acetyl chloride 
into the isomeric phenyl-isoxazole. 

y-Ketone-aldehydes. — Benzoyl-propio-aldebyde C.H,CO.CHa.CH,. 

CHO boils at 245°. 

(5) Phenyl-paraffin Diketones. 
a-Diketones, or ortho-diketones, are produced from their monoximes, 
the phenyl-iso-nitroso-ketones (compare phenyl-glyoxal) by distillation 
with dilute acids, or by digesting with amyl nitrite (B. 21 , 2177). 
Benzoyl-acetyl C,H,.CO.CO.CH,, boiling at 214°, is a yellow oil with a 
peculiar odour (B. 21 , 2119, 2176). It is formed by the oxidation of 
the two stereo-isomeric phenyl-methyl-glycols with NO,H (B. 48 , 855). 
Acetyl-benzoyl-aceto-hyi&asone CH,CO.C(NNHCOCH,)C,H„ m.p. 154°, 
is dissolved in NaHO to the sodium salt of a pseudo-form (B. 86, 3187). 
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a-Oxlmldo-propio-pbenoiie C^Hf.CO.C : (NOH).CH3, melting at 113^, 
results from the action of nitrous acid upon methyl-benzoyl-acetic ester, 
or by the action of diazo-benzol chloride upon an alkaline solution of 
iso-nitroso-acetone, probably with intermediate formation of a phenyl- 
azo-aldoxime (B. 40 , 737) : 

CHgCOCH : NOH ► [CH8COC( : NOH).N : NC.HJ ► CH8CCX:( : NOH)C,H,. 

fi-Oximido-propio-phenone, iso-nitroso-phenyiracetone CgHgC ; (NOH) 
COCH3, from phenyl-acetone, with amyl nitrite and sodium alcoholate. 

Phenyl-methyl-glyoxime QHgC : (NOH)C : (NOH)CH3, m.p. US'* 
(A. 291 , 280). p-Hethoxy-phenyl-methyl-glyoxime CH30[4]C3H4C 
(N0H).C(N0H)CH3, m.p. 206® with decomposition, is formed, beside 
the corresponding peroidde, m.p. 97 ®, from anethol with nitrous acid 
(A. 829 , 262). 

The jS- or meta-diketones result, together with aceto-phenone, (i) 
from the decomposition of the benzoyl-aceto-acetic esters (B. 16 , 2239) » 
further, by (2) a remarkable condensation induced by sodium alcoholate 
(Claisen, B. 20 , 2178). 

The j 3 -diketones behave like the j 3 -diketones of the fatty series. 
They dissolve in alkalies. This distinguishes them from the other 
diketones. They are coloured an intense red by ferric chloride. They 
condense to isoxazols with hydroxylamine (B. 21, 1150). They form 
P3rrazol compounds with phenyl-hydrazin, just like the oxy-methylene- 
) 3 -ketones. 

Benzoyl-acetone, acetyl-aceto-phenone CeH5.CO.CH2.CO.CH8, melts 
at 6i®~6o®, boils at 26o®-262®, and readily volatilises with steam. It 
is formed from benzoyl-aceto-acetic ester, from ethyl benzoate and 
acetone, or ethyl acetate and aceto-phenone with sodium ethylate, free 
from alcohol. See B. 27 , 1571, for the addition of CNH to benzoyl- 
acetone. See J. pr. Ch, 2, 48 , 489, for the action of urea and guanidin. 

The Cu-compound of benzoyl-acetone gives, with SClj : thio- 
benzoyl-acetone S[CH(COCH8)COC3H5]2, m.p. 95® ; with SjCl, : dithio- 
benzoyl acetone S2[CH(COCH3)COC8H5]2, m.p. 118® (C, 1903, II. 243). 
o-Nitro-benzoyl-acetone, m.p. 55 ® (A. 221, 332). Bcnzoyl-nitro-acetone, 
in the form of its oxime CeH3C(N0H).CH(N02)C0CH3, results from 
benzylidene-acetone when treated with NjO, (B. 36 , 3021). 

Propionyl-, butyryl-, iso-butyryl-, and valeryl-aceto-phenones boil at 
172® (30 mm.), 174® (24 mm.), 170® {26 mm.), and 183® (30 mm.) 
(B. 20 , 2181). 

Phenyl-aoetyl-acetone CiiHi202=CeH5.CH2.C0.CH2.C0.CH3, boiling 
at 266®, results from the decomposition of phenyl-acetyl-aceto-acetic 
ester (B. 18 , 2137). 

The following is a y-diketone : 

Aceto - phenone - acetone, phenacyUacetone C3H3.CO.CH3.CH2.CO. 
CH3, is obtained from aceto-phenone-aceto-acetic ester. It is a 
yellow oil, boiling with decomposition (B. 17 , 2756). 

Being a y-diketone, it can split off water and yield phenyl-methyl- 
furfurane, phenyl-methyl-thio-phene, and phenyl-methyl-pyrrol. 

Triketones.— Phenyl-metbyl-trlketone, phenyl-triketo-butane, b.p. ,4 
138®, is a reddish-yellow oil, combining e^y with water to a colourl^ 
hydrate melting at 54®-58®. With acetyl-acetone and similar l^ies 
it forms addition products. It reduces copper salts. Phenyl-triketo- 
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butane was obtained by the disintegration of its dimethyl-amido-anUe 
QH5COC[NCeH-N(CH3)2]COCH3, m.p. 99®, formed from benzoyl- 
acetone \vath nitroso-dimethyl-aniline. With diazo-benzol, benzoyl- 
acetone forms phenyl-azo-benzoyl-aeetone C3H5COC(HNaC3H5)COCH3, 
m.p. 99®. With HNO3 it gives Iso-nitroso-benzoyl-aoetone C3H5COC 
(N0H)C0CH3, m.p. 125®. This gives, by reduction with zinc and 
sulphuric acid, benzoyl-amido-acetone, and this agmn, treated with 

HNOj, gives benzoyl-acetone-diazo-anhydride h ' 

This diazo-anhydride is split up by ammonia into acetic acid and 
diaceto-phenone, and by boiling with water and transposition into 
nitrogen, COg and benzyl-methyl-ketone C3H5CH2COCH3 ; for further 
transformations, see Heterocyclic compounds : furo-[a bydiazols (A. 
825 , 136). 

Phenacyl-dlacetyl-methane C3H5COCH2CH(COCH3)2, m.p. 58®, from 
phenacyl bromide and sodium-acetyl-acetone, is both a i, 3- and a i, 4- 
diketone, and therefore jnelds both isoxazols and p5n*azols, as well as 
furfuranes and pyrrols (C. 1902, I. 1164). 

Tetraketones. — Benzal-bls-acetyl-aeetone CeH5CH[CH(COCH3) 3] 2 
results from the condensation of benzaldehyde with acetyl-acetone in 
the presence of piperidin, and has been obtained in the six possible 
allotropic modifications of the keto- and enol forms with the corre- 
sponding as- and transforms (C. 1900, I. 1099). 

(6) Phenyl-paraffin Alcohol Acids. 

A. Monoxy-aleohol Acids. — Phenyl-alcohol-carboxylic acids, like 
the aliphatic-alcohol acids, are produced (i) by the reduction of the 
corresponding ketonic acids ; (2) from aldehydes and ketones (B. 12 , 
815) by the addition of hydrocyanic acid and the saponification of the 
a-oxy-acid nitrile ; (3) from the corresponding monohalogen acids ; 
(4) from unsaturated monocarboxylic acids, etc. 

a- and /S-Ozy-aclds.— Mandelic acid, phenyl-glycolllc acid C3H5. 
♦CHOH.COjH, is isomeric with the cresotinic acids, and the oxy-methyl- 
benzoic acids, or carbinol-benzoic acids. It contains an asymmetric 
carbon atom, and therefore, like the lactic acid of fermentation, 
appears in one inactive, decomposable, and two optically active 
modifications. 

Para-mandelic acid, inactive mandelic acid, melting at 118°, is formed 
(i) from benzaldehyde, prussic acid, and hydrochloric acid (B. 14 , 239, 
1965) ; (2) from benzoyl-formic acid, by reduction with sodium 

amalgam ; and {3) from phenyl-chloracetic acid by boiling it with 
alkalies (B. 14 , 239), (4) as well as from oHiibromo-aceto-phenone or 
phenyl-glyoxal by the action of alkalies : 

CeH3.CO.CHO > CeH3.CHOH.CO2H. 

The production of alcohol and carboxylic acid, which completes 
itself extra-molecularly in the action of caustic alkali upon benzaldehyde, 
in the case of the conversion of phenyl-glyoxal into mandelic acid 
proceeds intra-molecularly. See below for the formation of para- 
mandelic acid from laevo- and dextro-mandelic acids. 

One hundred parts water at 20® dissolve 15*9 parts of para-mandelic 
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add. Dilute nitric acid converts it, first, into benzoyl-formic add, 
then into benzoic acid. When heated with hydriodic acid it forms 
phenyl-acetic acid ; with hydrobromic and hydrochloric, acids chloro- 
phenyl or bromo-phenyl-acetic acids are formed. On the decomposi- 
tion of mandelic acid by sulphuric acid, see C. 1903, II. 284. 

Lcevo^ and dextro-mandelic acids melt at 133*^. They have equal, 
but opposite, molecular rotatory power. Towards reagents they behave 
like para-mandelic acid. Laevo-mandelic acid, natural mandelic acid, 
results upon digesting amygdalin {q,v,) with fuming hydrochloric acid 
(1848 : Wohler, A. 66, 240). Fermentation of ammonium-para-mande- 
late with Penicillium glaucum destroys the laevo-acid, and there remains 
the dextro-acid. Schizomyceten first destroys the dextro-mandelic acid 
in para-mandelic acid ; the laevo-acid remains (Lewkowitsch, B. 17, 
2723). The direct splitting up of para-mandelic acid into the dextro- 
and laevo-acids can be brought about by the crystallisation of the 
cinchonine salt. The mixing together of the dextro- and laevo-acids 
(molecular quantities) results in the formation of inactive para-mandelic 
acid. When the dextro- or laevo-acid is heated in a tube to 160° it is 
converted into the inactive mandelic acid. 

A direct transformation of the two active forms into each other is 
accomplished as follows : — With PCI5, d-mandehc acid gives 1-phenyl- 
chloracetic acid, and this, with NHj, gives d-phenyl-glycine, which is 
converted into 1-mandelic acid by means of HNO3 (Walden's inversion, 
Vol. 1 .) The transformation of l-mandelic acid into the dextro-form 
done in a similar manner (C. 1909, 11 . 23). 

Derivatives of Para-mandelic Acid . — The methyl and ethyl esters 
melt at 52° and 34° (B. 28 , 259). Amide, m.p. 131° (B. 25 , 2212). 
Hydrazide, m.p. 132°, gives, with HNOj, the very unstable azide, which, 
in contrast with other carboxylic azides, decomposes with alcohol into 
benzaldehyde, Ng, and allophanic acid ester (B 34 , 2794). Methyl- 
ether acid, m.p. 71°. Dimethyl-ether ester, m.p. 246° 220, 40). 

Diethyl-ether ester, see C. 1899, II. 622. Acetyl-mandelic acid, m.p. 
80°. Acetyl-mandelic chloride, b.p.^^ 132®; amide, m.p. 112°; anilide, 
m.p. 117-5®; ethyl ester, m.p. 74® (A. 368 , 57). 

Mandelic chloralide, m.p. 82® (A. 193, 40 }. Diphenyl-glycolide 

m.p. 240®, from mandelic acid in pyridin with 

phosgene (B. 35 , 3642). 

Mandelic acid nitrile C^Hs.CHOH.CN is a colourless oil, solidifying 
at —10®. At 170® it breaks down into prussic acid and benzaldehyde. 
Like mandelic acid, the nitrile is also obtained in a laevo- and a dextro- 
form, from which, by saponification and reversal, active mandelic 
acids can be prepared. 

On standing with fuming hydrochloric acid it passes into the 
amide ; and, when heated, into phenyl-chloracetic acid (B. 14, 1967). 
It condenses with benzaldehyde in different ways : by the action of 
alcoholic dilute HCl to CeH5CH[OCH(CN)CeH5]2, and by the action of 
etheric HCl to diphenyl-oxazol and benzylidene-mandelic amide 
CeH^CH : NCOCH(OH)CeH5 (B. 29 , 207, R. 791 ; 35 , 1590). 

Derivatives of mandelic acid are trichloro-methyl- and trlbromo- 
methyl-phenyl-carbinol CCl3CH(OH)CeH5, h.p.^ 155®, and CBr,CH 
(OHjC^Hj, m.p. 78 ® ; these compounds are prepared, in a manner 
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analogous to acetone-chloroform, by combination of benzaldehyde 
with CCI3H and CBr,!!, by means of caustic potash, or by the action 
of CgHjMgBr upon chloral ; they are convertible into mandelic acid, 
or, by reduction with zinc dust, into styrol and halogen styrols (C. 1900, 
11. 326) ; on boiling with potassium carbonate they decompose into 
CHCI3 (or CHBr3) and benzidehyde (C. 1908, I. 1388). 

p-Dimethyl-amldo-phenyl-trichlor-ethyl alcohol (CH3) gNCgHiCH 
(OH)CCl3, from dimethyl-aniline and chloral (B. 19, 365) ; p-dimethyl- 
amido-mandelic nitrile (CH3)2N[4]C6H4CH(OH)CN, m.p. 114°, from 
p-dlmethyl-amido-benzaldehyde (B. 35, 3571). 

p-Bromo- and p-lodo-mandelio acids melt at 117° and 133® (B. 24, 
997 ; 23, 3467). 0 -, m-, and p-Nitro-mandelic acids melt at 140°, 119°, 
and 126® (B. 20, 2203 ; 22, 208). For a peculiar reduction product 
of the latter, see B. 41, 373. 

o-Amido-mandeiic acid, hydrindic acid NH2[2]CeH4CH(0H)C02H, 
is not stable in a free condition. Its sodium salt Cj^H^NOaNa+HgO is 
formed in the reduction of isatin with sodium amalgam. From con- 
centrated solutions of the sodium salt, acids separate. 

Dioxindol, o-amido-mandelic acid lactame This 

is also produced when isatin and zinc dust, water, and some hydro- 
chloric acid are boiled. 

Acetyl-dioxindol, melting at 127®, is converted by baryta water into 
o-acetamido-mandelic acid CH3C0NH[2]CeH4CH(0H)C02H, melting 
at 142®, w'hich also results from the reduction of acetyl-isatinic acid. 
Hydriodic acid or sodium amalgam change it to oxindol (p. 310). 

o-Oxy-mandeiic acid, obtained from salicyl-aldehyde, prussic acid, 
and also from o-oxy-phenyl-glyoxylic acid, is a syrupy mass. An 
optically active oxy-mandehc acid is formed from helicin tetra-acetate 
with HCN and saponification (C. 1902, II. 214). Its lactone melts at 
49® and boils at 237® (B. 14, 1317; 17, 974). p-Methoxy-mandelic 
acid, from anisaldehyde, melts at 93® (B. 14, 1976). 2, 5-Dioxy- 

mandelic acid, m.p. 143° with decomposition, by reduction of hydro- 
quinone-glyoxylic acid. 

Phenyi-chloracetic acid C3H5.CHCl.CO2H, melting at 78°, is produced 
when mandelic acid is heated with concentrated hydrochloric acid to 
140® ; from trichloro-methyl-phenyl-carbinol with KHO (C. 1897, I. 
1014) ; and by action of water upon its chloride. Its chloride C3H5. 
CHCl COCl, formed by the action of PCI5 upon mandelic acid, boils at 
125® (45 mm.) (A. 279 , 122). 

Phcnyl-bromacetic acid C3H5.CHBrC02H melts at 83®. Its ethyl 
ester, boiling at 145® (10 mm.) (B. 24 , 1877), when heated with potassium 
cyanide becomes diphenyl-succinic ester. Chloride, b.p.^f, 118®. Its 
nitrile, from benzyl cyanide and bromine, when heated alone becomes 
stilbene ; when heated with potassium cyanide it yields stilbene or 
dicyano-dibenzyl {q.v.) ; while with alcoholic potash stilbene-dicar- 
boxylic acid or diphenyl-maleic acid is produced. 

Pbenyl-nitro-acetic ester and phenyl-nitro-aceto-nitrile are formed 
as sodium salts C3H5C(N00Na)C02C2H5 and C3H5C(NOONa)CN from 
phenyl-acetic ester and benzyl cyanide, with ethyl nitrate and sodium 
alcoholate ; the free acids are very unstable ; saponification with NaHO 
yields sodium-phenyl-nitro-methane ; and reduction of sodium-phenyl- 
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nitro-aceto-nitrile, with zinc dust, yields iso-nitroso-benzyl cyanide 
CeH,C(NOH)CN (B. 86, 1755 i 1930). 

Phenyl-amido-acetic acid C8H5.CH(NH9).COaH melts at 256°. It 
yields COa and benzyl-amine when it is distilled. It r&ults (i) on 
treating phenyl-bromo-acetic acid with aqueous ammonia (B. 11 , 2002) ; 

(2) on boiling its nitrile with dilute sulphuric acid (B. 13 , 383) ; and 

(3) by the reduction of its oxime or the phenyl-hydrazone of l>enzoyl- 
formic acid (A. 227 , 344). 

By means of d-camphor-sulphonic acid, or by decomposition of the 
formyl compound, m.p. 180°, with cinchonin or quinine, phenyl- 
amido-acetic acid has been split up into its optically active components 
with coefficient 157.8°. The 1-acid is also formed on partial fermenta- 
tion of the racemic acid with yeast (B. 41 , 1286, 2071). Its methyl ester 

melts at 32°. Cyclic double-acid amide 

melts with decomposition at 274° (B. 24 , 4149). Its nitrile is a yellow 
oil, which gradually solidifies to a crystalline mass. It is very decom- 
posable. It results from the action of ammonia upon mandelic nitrile. 

Alkylic and phenylated phenyl-amido-acetic acids are obtained as 
the result of the action of methyl-amine, aniline, and similar bases 
upon phenyl-bromo-acetic acid (B. 15 , 2031). Starting from phenyl- 
bromo-acetic chloride, a number of di- and poly-peptides, like phenyl- 
glycyl-glycin, phenyl-glycyl-alanin, etc., have been prepared (A. 840 , 
190). 

a-Anllido-phenyl-acetlc nitrile C«H8CH(NHCeH5)CN, m.p. 85°, is 
easily obtained from benzylidene-aniline and prussic acid, as well as 
from mandelic acid nitrile with aniline ; on boiling with alcoholic 
potash, it combines with benzaldehyde to form the benzylidene compound 
of the corresponding acid amide : 

QH,CH(NHCeH«)CN+QH5CHO=CeH,CH(NHCeH,)CON : CHCeH,. 
The latter substance is very stable, and is also formed by the action 
of KCN upon a mixture of benzylidene-aniline and benzaldehyde 
(B. 31 , 2699). p-Dimethyl-amido-phenyl-anilido-aceto-nitriie (CH,)a 
NCeH4CH(NHCeH,)CN, m.p. 114° (B. 35 , 3572). 

Urethano-phenyl-aceto-nitrile QH5CH(NHCOaCaH5)CN, m.p. 83°, 
from mandelic acid nitrile with urethane and zinc chloride (B. 34 , 370). 

Of the alphyl-glycollic acids, mention may yet be made of p-iso- 
propyl-mandelic acid, prepared from cumic aldehyde, prussic acid, and 
hydrochloric acid. It, too, has been resolved by means of quinine into 
its active isomerides (B. 26 , R. 89). 

Phenyl-oxy-propionlc Acids, Phenyl-lactic Acids.— There are four 
possible structural isomerides. All aire known, and contain an asym- 
metric carbon atom : 


COaH 


CaHa.COH 

i. 


COaH 

inoH 


CO,H 

c»h,.(!:h 

(Ihs.oh 


COsH 

(!:Hi 


'Hi CiHj.CHi CHj.OH C,H, CHOH 

a-Phenyl-lactic acid, /3-Phenyl-lactic a-Phenyl-hydracrylicacid,/3-Phenyl-hydra- 
atro-lactmic acid acid tropaicacid crylicacid. 


I. Atro-lactinic acid, a-phenyl-laclic acid C,H,oO, -{-i JH, 0 , melts 
when in the hydrous state at 90°, and when anhj’drous at 94°. It is 
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obtained from a-bromo-hydro-atropic acid when the latter is boiled with 
a soda solution, from hydratropic acid with KMn04, from its nitrile, 
the addition product of prussic acid on aceto-phenone, by boiling 
with dilute HCl (B. 14 , 1980) ; its ethyl ester, b.p. 259®, is also formed 
from phenyl-glyox3'lic ester with methyl-magnesium iodide. When 
boiled with concentrated hydrochloric acid it decomposes into water 
and atropic acid. 

Corresponding to atro-lactinic acid are a-chloro- and a-bromo-hydra- 
tropic acids, melting at 73® and 93®, which are produced when it stands 
in contact with concentrated haloid acids (A. 209 , 3). a-Amido-hydra- 
tropic acid sublimes, without melting, at 260° (B. 14 , 1981). 

2. Tropic acid, a-phenyl-hydracrylic acid^ is known in an inactive, 
decomposable, and two optically active modifications. 

Inactive tropic acid, melting at 117°, is obtained, together with 
tropine (q.v.) (A. 138 , 233 ; B. 13 , 254), on digesting (60®) the alkaloids 
atropine and hyoscyamine with baryta water. It was made syntheti- 
cally from atropic acid, the decomposition product of atro-lactinic acid, 
by changing it with concentrated hydrochloric acid into jS-chloro- 
hydratropic acid, which boiling potassium carbonate converts into 
inactive tropic acid : 

COjH CO*H CO,H 

C.Hj C -iH__ C,H5.CH C,H,.CH 

CH, CHjCl * * CHjOH 

Atropic acid /3-Chloro-hydratropic acid Tropic acid. 

Lsbvo- and dextro-tropic acids, melting at 128® and 123®, can be 
separated by the fractional crystallisation of their quinine salts, and 
are thus prepared from r-tropic acid. The dextro-quinine salt, more 
sparingly soluble in dilute alcohol, melts at 186°, and the laevo-salt at 
178® (B.'' 22 , 2591). 

jS-Chloro- and ) 3 -bromo-hydratropic acids melt at 87® and 93®. 

jS-Amido-hydratropic acid melts at 119® (A. 209 , 3). 

3. jS-Phenyl-lactic acid, benzyl-glycoliic acid CeH5.CH2.CH.(OH). 
COgH, melting at 97®, is derived from phenyl-acetaldehyde, with 
prussic acid and hydrochloric acid, and from benzyl-tartronic acid upon 
heating it to 180®. Heated with dilute sulphuric acid, it decomposes 
into phenyl-acetaldehyde and tormic acid. 

a-Bromo-hydro-cinnamic acid CeH5CH2.CHBr.COOH, m.p. 49®, 
is formed from benzyl-malonic acid by bromination and COj elimina- 
tion. Chloride, b.p.^j I33° (B. 39 , 3999). 

Phenyl-alanin, ^-phenyl-a-amido-propionic acid CeH5.CH2.CH 
(NH2).C02H sublimes without decomposition when it is slowly heated. 
Upon rapid heating it yields phenyl-ethyl-amine and a cyclic double^ 

acid amide C.H,.CH, m.p. 290° {A. 219 , 

188 ; 271 , 169). It is found along with asparagin in the sprouts 
of Lupinus lutem, and is formed in the decay, or by the chemical de- 
composition, of albumen, casein, or gelatin, and can be separated out 
from mixtures by means of its sparsely soluble phospho-tungstate 
compound (C. 1902, II. 272). Synthetically, the optically inactive form 
is prepared from its nitrile, the product of the action of ammonia upon 
the nitrile of jS-phenyl-lactic acid, with hydrochloric acid ; further, 


CO,H 

C,H5,C0H 

CII3 

Atro-lactimc acid 
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by the reduction of a-amido-cinnamic acid (B. 17 , 1623), and of a-iso- 
nitroso-jS-phenyl-propionic acid (A. 271 , 169). Also from phthal- 
imido-benzyl-malonic ester CeH4(CO)2NC(CH2C(,H5)(COOR)2 by split- 
ting (C. 1903, II. 33) and by the action of NH3 upon a-bromo-hydro- 
cinnamic acid. From the inactive phenyl-alanin thus obtained, the 
d- and 1-bodies of rotation coefficient ±35^ are obtained by partial fer- 
mentation with yeast, or by breaking up the formal compound with 
brucin (A. 857 , 2 ; C. 1908, I. 1632). 

Benzoyl-phenyl-alanln, from benzoyl-amido-cinnamic acid by re- 
duction, melts at 182° (A. 275 , 15). 

Phenacetyl-phenyl-alanin CeH5rH2CH(NHCOCH2CeH5)COOH, m.p. 
126°, is obtained in the same way ; and also by a peculiar reaction 
of ammonia with phenyl- pyro-racemic acid (A. 307 , 146). Phenyl- 
alanin-ethyl ester, b.p.jo 143® (C. 1901, 1 . 670). 

A considerable number of di- and polypeptides containing the phenyl- 
alanin complex, like phcnyl-alanyl-glycin, phen3’l-alanyl-phen\ 1-alanin, 
and leucyl-gh^cyl-phenyl-alanin, have been obtained by the methods 
described in Vol. L. starting from active and inactive phenyl-alanin 
or from a-bromo-hydro- cinnamic chloride (A. 354 , i ; 357 , i). 

0- and p-Hitro-phenyl-lactic acids are produced in the nitration 
of phenvl-lactic acid. When reduced the o-acid yields oxy-hydro- 
r [i]CH,— CH.OH 

carbo-styril 1 , m.p. 197®. and the p-acid, p-amido- 

1 [ 2 ]NH--C 0 

/ 3 -phenyl-lactlc acid NH2[4]C4H4.CH2.CH(0H)C02H, melting with 
decomposition at 188®. 

o-Oxy-phenyl-lactic acid, bnlicyNaciic acid HO[2]C6H4CH2CH 
(0H)C02H, is a syrup -like mass. It results from the action of 
sodium amalgam upon o-ox\ -phenyJ-pvro-racemic acid (B. 18 , 1188). 
Its inner phenol - alcohol anhydride is hydro - cumarilic acid 
.[i]CH,.CH.CO,H 

CtH4f I , melting at 118 . This is the reduction pro- 

l[2]0 

duct of cumarilic acid (A. 216 , 166). p-Oxy-phenyl-lactic acid 
melts at 144® in the anhydrous condition. It is formed when an excess 
of nitrous acid acts upon p-amido-phen\ 1 -alanin (A. 219 , 226). 

2 , 4 -Dioxy-phenyMactic acid, hydroquinone lactic acid, m.p. 87®, see 
C. 1907, II. 901. p-Iodo-phenyl-aianin, m.p. 270® with decomposition 
(see C. 1909, 1 . 70 ; B. 42 , 34 ii)* 

p - Nitro - phenyl - alanin N02[4]C4H4CH2.CH (NH2)C02H decom- 
poses at 240®. It is formed in the nitration of phenyl-alanin. 

p-Amido-phenyl-alanin NH2[4]CeH4.CH2.CH(NH2).C02H is pro- 
duced in the reduction of p-nitro-phenyl-adanin and p-nitro-phenyl- 
a-nitro-aciydic acid. 

Tyrosin, p - oxy - phenyl - alanin H0[4]C6H4.CH2CH(NH2)C02H, 
melts at 235®. It occurs in the liver when its functions are disturbed 
the spleen, the pancreas, and in stale cheese (rvp6^), and is formed 
from animal substances (urea, horn, hair, albumen) on boiling them 
with hydrochloric or sulphuric acid ; by fusion with alkalies or b\' 
putrefaction (together with leucine, aspartic acid, etc.). It may be 
prepared synthetically from p-amido-phen^ l-alanin by the action oi 
one molecule of potassium nitrite uf>on the hydrochloric acid salt, oi 
by splitting up synthetic benzoyl-tyrosin. 
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History , — Liebig discovered tyrosin upon fusing freshly prepared 
cheese with caustic potash (1846) (A. 67 , 127; 62 , 269). E. Erlen- 
meyer, sen., and Lipp (A. 219 , 161) succeeded in synthesising tyrosin, 
beginning with phenyl-acetaldehyde. 

Synthesis of Tyrosin, — Phenyl-acetaldehyde and prussic acid yield 
the nitrile of phen3d-lactic acid. Ammonia changes the latter to the 
nitrile of phenyl-alanin, which hydrochloric acid converts into phenyl- 
alanin. The latter by nitration yields p-nitro-phenyl-alanin, whose 
reduction product, p-amido-phenyTalanin hydrochloride, is changed by 
an equimolecular quantity of nitrous acid into tyrosin : 


CN 

CN 

COaH 

COaH 

COaH COaH 

1 

CHO CHOH 

1 

CHNHa 

j 

CHNHa 

1 

CHNHa 

j 1 

CHNHa CH.NHa 

! — ► 1 — 

1 ► 


i ~~ 

'*^(iHa "*^(!:Ha 

I 1 

CHa CHa 

CHa 

CHa 

1 

1 1 

CfiHs CeHs 

1 

CgH® 

1 

CeH* 

C6H4r4lNOa C6H4r4]NHa C 6 H 4 UIOH 

Phenyl- Nitrile 

Amido- 

Phenyl- 

p-Nitro- 

p-Amido- Tyrosin. 

acetalde- of 

phenyl-Iac- 

alanin 

phenyl- 

phenyl- 

hyde phenyl- 
lactic acid 

tic acid 
nitrile 


alanin 

alanin 


A more convenient method has recently been found by E. Erlen- 
meyer, jun. (see A. 307 , 138 ; B. 32 , 3638). 

Properties and Behaviour . — It dissolves in 150 parts of boiling water, 
and crystallises in delicate, silky needles. It dissolves in alcohol with 
difficulty, and is insoluble in ether. 

Mercuric nitrate produces a yellow precipitate, which becomes dark 
red in colour if it be boiled with fuming nitric acid to which consider- 
able water has been added (delicate reaction). Being an amido-acid, 
t5Tosin unites with acids and bases, forming salts. If it be heated to 
270® it decomposes into carbon dioxide and oxy-phenyl-ethyl-amine 
CeH4(OH).CH3.CHa.NHa. When fused with caustic potash it yields 
para-oxy-benzoic acid, ammonia, and acetic acid. Putrefaction causes 
the formation of hydro-para-cumaric acid, and nitrous acid converts the 
tyrosin into para-oxy-phen^d-lactic acid (A. 219 , 226). Many di- and 
polypeptides have been formed by the combination of active and in- 
active tyrosin with other amido adds (B. 41 , 2840, 2860). By analyti- 
cal methods also, such as the hydrolysis of silk fibroin, with HCl, a 
dipeptide containing the tyrosin complex, glycyl-tyrosin, as well as a 
tetrap^ptide, have been isolated (B. 40 , 3544). 

Very noteworthy is the natural occurrence of inactive 8, 6-dl-Iodo- 
tyrosin OH[4]l3[3, 5]CflHaCH3.CH(NHa).C02H, m.p. 213°, first ex- 
tracted from the coral Gorgonia Carolina (C. 1896, I. 864), and hence 
called iodogorgic acid. Synthetically, it has been prepared by iodina- 
tion of tyrosin in alkaline solution (C. 1905, I. 1388). On polypeptides 
with 3, 5-di-iodo-l-tyTosin, see B. 41 , 1237. 

4. /3-PhenyI-hydracryIic acid CeHB.CH(OH).CH9.CO,H, commonly 
caDed phenyl-lactic acid, results on boiling jS-bromo-hydro-cinnamic acid 
with water (A. 195 , 138), and in the reduction of benzoyl-acetic ester, 
as well as by the addition of hypochlorous acid to cinnamic acid, and 
then reducing the resulting ch loro-acid with sodium amalgam. The 
acid melts at 93®. When heated with dilute sulphuric acid it decom- 
poses (like the aliphatic )3-oxy-acids) at 190® into water and cinnamic 
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acid (together with a little styrol) (B. I89 304). When digested with 
concentrated haloid acids it forms j8-halogen -hydro-cinnamic acids (q,v,), 
a- and jS- Alkylated jS-phenyl-hydracrylic acids have been obtained by 
the action of a-bromo-aliphatic acid esters, and zinc, upon oenzaldehyde 
and aromatic a-ketones. 

a-Methyl-jS-phenyl-ethylene - lactic acid (OH) CH (CH3) 

COOH, m.p. 95°. a-Dimethyl-jS, p-tolyl-ethylene-lactic acid, m.p. 112®. 
a-Iso-propyl-phenyl-ethylene-lactic acid, m.p. 107" (C. 1898, L 668, 
884 ; 1900, II. 533 ; 1902, I. 1293 ; 1903, 11 . 566 ; B. 40 , 1589 ; 41 , 5). 

0-, m-, and p-Nitro-phenyl-lactic acids, or -hydracrylic acids NOg. 
C3H4CH(0H).CH2.C02H, melt at 126®, 105®, and 132®. The three iso- 
merides result upon treating the three nitro-jS-bromo-hydro-cinnamic 
acids with sodium carbonate, when (in the cold) the 0-, m-, and p-nitro- 

O— CO 

phenyl-lactic acid lactones, I 1 , melting at 124®, 98®, and 

N0,C,H4CH.CH, 

92®, are also produced. These arc the only ^-lactones known (B. 17 , 
595. i< 359 ). 

The ortho-nitro-acid results, further, by oxidising the aldehyde first 
produced with silver oxide (B. 16 , 2206). When heated to 190® with 
dilute sulphuric acid it yields o-nitro-cinnamic acid. Its lactone de- 
composes on boiling with water into carbon dioxide and o-nitro-styrol ; 
it yields jS-oxy-hydro-carbo-styrol when reduced. 

jS-Chloro-, bromo-, and iodo-hydro-cinnamic acids CgHB-CHX.CHg. 
CO2H melt at 126°, 137°, and 120®. They are obtained from cinnamic 
acid or ) 3 -phenyl-aciydic acid by the addition of halogen hydrides in 
aqueous or glacial acetic acid solution (B. 11 , 1211) and from jS-phenyl- 
hydracrylic acid {q.v,). When heated or boiled with water the free 
acids decompose, with previous formation of jS-oxy-acids, into halogen 
hydride and cinnamic acid. When neutralised, even in the cold, with 
alkali carbonates they break dowm into haloid acid, carbon dioxide, 
and styrol C3H5.CH : CHg. 

0-, m-, and p-Nitro-j 3 -bromo-hydro-cinnamic acids N02C3H4CHBr. 

CH2.CO2H are produced by the addition of hydrogen bromide, in 
glacial acetic acid, to the three nitro-cinnamic acids (B. 17 , 596, 1494) 
(see also Nitro-phenyl-lactic acid lactone). 

j 3 -Hydroxylamin 6 -hydro-cinnamic acid CeHBCH(NHOH).CH2COOH, 
m.p. 166® with decomposition, is formed by the attachment of free 
hydrox3’lamine to cinnamic acid. By oxidation with ammoniacal 
silver solution it becomes y-phenyl-isoxazolone (q.v.), and with HNO2 
it becomes N-oxy-y-phenyl-lsoxazolidone (B. 39 , 3115). On reduction 
it forms : 

j 3 -Amido-hydro-cinnamlc acid CeH5,CH(NH2)CH2.C02H melts at 
131®, which with HNOg yields jS-phenyl-hydraciydic acid (B. 38 , 2316). 

y-Phenyl-a-amido-butyric acid C4H5CH2.CH2CH(NH2)COOH, m.p. 
295®, by reduction of benzyl-pyro-racemic acid oxime (B. 89 , 1478). 

y- and 8-Oxy-acids. — y-Oxy-ac%ds, beginning wuth the phenyl- 
oxy-butyric acids, are known. They pass readily into their lactones. 
y-Phenyl-y-oxy-butyric acid C4H5CH(0H).CH2.CH2.C02H melts at 
75®, and slowly decomposes, even at 65®-7o®, into water and its 
lactone, phenyl-butyro-lactone The latter melts at 37® and 

boils at 306®. 

It is obtained from j 3 -benzoyl-propionic acid (B. 16 , 889) and from 
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phenyl-bromo-butyric acid. Its lactone is formed on boiling phenyl- 
iso-crotonic acid and phenyl-paraconic acid with dilute sulphuric acid 
(A. 228 , 178 ; B. 29 , R. 14 ; 88, 3519). 

On the relations of m-tolyl-butyro-lactoneCH3CjH4c!HCH,CH2Co6 
towards eannabinol, the poisonous resin of Indian hemp, Cannabis 
indica, see C. 1899, I. 118. 

a-Phenyl-y-oxy-valerio acid, only stable in the form of liquid 
lactone (B. 17 , 73). 

^Phenyl-/-valero-lactone, b.p.^e 169® (C. 1902, II. 1359). 

^Benzyl-y-oxy-valeric acid melts at loi®, and its lactone at 33® 
(A. 268 , 94). 

j3-Benzyl-y-oxy-valeric acid melts at 75®, and its lactone at 86® 
(A. 254 , 215). It is obtained from benzal-laevulinic acid. 

a-Benzyl-8-oxy-valeric acid (B. 24 , 2447). 

B. Dioxy-alcohol Acids are chiefly obtained by oxidising the phenyl- 
olefin-carboxylic acids with potassium permanganate (A. 268 , 44 ; 
283 , 338). The two possible phenyl-glyceric acids are known. 

Atro-glyceric acid, a-phenyl-glyceric acid CH20H.C(CeH5)0H. 
COgH, melting at 146®, results on boiling a, j8-dibromo-hydratropic 
acid with excess of alkalies, and, from benzoyl-carbinol, by means of 
prussic acid and hydrochloric acid (B. 16 , 1292). It breaks down into 
COj and phenyl-acetaldehyde upon heating. 

Dibromo-hydratropic acid CH2Br.C(CeH5)Br.C02H, melting at 
1 15®, is produced when bromine acts upon atropic acid. It decom- 
poses on boiling with w^ater into aceto-phenonc, CO2, and HBr. 

Styceric acid, jS-phenyl-glyceric acid CeH5.CHOH.CHOH.COOH, 
contains two unsym. carbon atoms, and therefore occurs in different 
modifications. An acid of m.p, 121® is obtained by saponification with 
alcoholic potash from its dibenzoyl-ethyl ester CeH5CH(OCOCeH5)CH 
(OCOCeH5)COOC2H5, m.p. 109°, the result of the action of silver benzo- 
ate upon cinnamic ester dibromide ; on saponifying the dibenzoyl ester 
with aqueous alkaline hydroxide an acid is formed, melting at 141® 
with decomposition, which is also obtained by the oxidation of 
cinnamic acid with KMn04. It dissolves in ether with difficulty, and 
yields on the gradual benzo}dation of its ethyl ester a dibenzojd ester 
of m.p. 85®, while benzoylation at a higher temperature produces 
transposition into an ester of m.p. 109®. The m.p. 121® acid is 
racemic, and may be split up into two optical antipodes by means 
of the stycerin salt, a- and 1-styceric acid, m.p. 167°, 00= +31-08® 
and — 30-23® respectively, while the m.p. 141® acid has not hitherto 
been so split up (B. 30 , 1600). It is significant that oxidation of 
the ordinary fumaroid cinnamic acid with KMn04 yields the m.p. 
I4i®acid, while the maleinoid allo-cinnamic acid yields the m.p. 121® 
acid (B. 41 , 2411). On heating above their melting-points, the acids 
break up into COj and phenyl-acetaldehyde. On warming with H2SO4, 
concentrated HCl, or acetic anhydride water, is split off and phenyl- 
pyro-racemic acid formed (B. 48 , 1032). With HBr the m.p. 121® acid 
gives a pbenyl-jS-bromo-a-oxy-propionlc acid of m.p. 157®, while the 
other gives a bromoxy-acid of m.p. 165®. 

Benzal-pheoyl-glyeerie ester r Ch.co.c.h. produced 



PHENYL-PARAFFIN ALCOHOL ACIDS 


385 

in two stereo-isomeric forms, melting at 104® and 61® respectively, 
by the action of diazo-acetic ester upon benzaldehyde. The benzal- 
phenyl-glyceric acids, m.p. 132® and 156® respectively, are, split up by 
acetic acid into benzaldehyde and the phenyl-glyceric acids, m.p. 
121° and 141®. The latter, on shaking up with benzaldehyde and 
50 per cent. H2SO4, regenerates the benzal-phenyl-glyceric acid, m.p. 
156® (B. 48 , 1024). 

p-Nitro-phenyl-glyeerie aeid, melting at 167®, is obtained from 
p-nitro-phenyl-glycidic acid. 

o-Amido-phenyl-glyeerie aeid, m.p. 218®. 

Phenyl - a- chloro-j 3 -lactlc acid CeH5.CH(0H)CH.Cl.C02H+H20 
melts at 56®, and, when anhydrous, at 86®. It results from the action 
of h3rpochlorous acid upon cinnamic acid. Sodium amalgam reduces 
it to phenyl-lactic acid, alkalies change it to phenyl-glycidic acid and 
phenyl-glyceric acid, while, with fuming hydrochloric acid, it yields 
phenyl-dichloro-propionic acid (B. 22 , 3140). 

Phenyl- a- bromo-/ 3 -laetic aeid CeH5.CH(0H).CHBr.C02H+H20 
melts at 125® when anhydrous. It is formed on boiling phenyl-dibromo- 
propionic acid with water (B. 18 , 310). It has been separated, by means 
of cinchonin, into two optically active components (B. 24 , 2831 ; 
82 , 2375). 

Phenyl-a-lodo-/ 3 -Iacttc acid C,H,.CH(OH).CHI.CO,H melts at 137° 
with decomposition. It results from the action of an aqueous chloro- 
iodine solution upon cinnamic acid (B. 19 , 2464). 0- and p-Nitro- 

phenyl-a-ehloro-laetie aeids melt at 119° and 165®. The o- body is 
converted by sodium amalgam into indol (B. 18 , 2261 ; 19 , 2646). 

/ 3 -Phenyl-a-amido-hydraerylie acid, phenyl-serin C4H5.CH. (OH). 
CH(NH2).C02H+H20, decomposing at 194®, is formed from its 
benzylidene compound, the condensation product of benzaldehyde 
and glycocoll, obtained with NaHO and acids, besides a more 
soluble stereo-isomeric acid (A. 307 , 84). 

The isomeric ^-phenyl-^-amido-laetie aeid, phenyl-iso-serin C^Hj 
CH(NH2).CH(0H).C02H, m.p. 241® with decomposition, is obtained 
by the attachment of NH3 to sodium in the cold (B. 39 , 791). 

jS-Phenyl-jS-chloro-a-oxy-propionie acid CeH5.CHCl.CH(0H).C02H, 
m.p. 141®, and phenyl-^-bromo-a-oxy-propionie aeid are obtained from 
phenyl-glyceric acid with fuming halogen hydrates (B. 16 , 1290). 

0- and p-Nltro-phenyl-jS-ehloro-laetie acids, melting at 125® and 167®, 
are obtained by the action of fuming hydrochloric acid upon the corre- 
sponding glycidic acids (B. 19 , 2646). 

o-Nitro-phenyl-j 3 -bromo-lactie aeid melts at 135® (B. 17 , 221). 

Cinnamic acid diehloride, a, B-dichloro-hydro-cinnamic acid QH^. 
CHCl.CHCl.CO2H, melting at 163®, results when chlorine acts upon 
cinnamic acid in carbon disulphide solution and on treating phenyl-a- 
chloro-lactic acid with fuming hydrochloric acid (B. 14 , 1867). 

Allo-einnamie aeid diehloride is an oil decomposable by strychnine 
into two optically active components (B. 27 , 2041). 

Cinnamic acid dibromide, a, p-dihromo-hydro-cinnamic acid, melting 
at 195®, yields CO 2, phenyl-acetaldehyde, cinnamic acid, and phenyl-a- 
bromo-Iactic acid on boiling with water. Strychnine resolves it into 
two optically active components (B. 26 , 1664). The methyl ester melts 
at 117®. The ethyl ester melts at 69® (B. 22 , 1181 ; C. 1903, 11 . 115I. 
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AUo-ebmamle acid dlbromide melts at 9I^-93^ It is separated into 
two optically active components by cinchonin (B. 27 , 2039). The 
methyl ester melts at 52^-53®. 

0- and p-Nitro-a, ^-dlbromo-hydro-einnamio acids melt at 180® and 
227®. The o- and p-ethyl esters melt at 71® and no® (A. 212 , 151). 

o-Hethoxy-einnamio acid dibromide, m.p. 170®; piperonyl acid 
dibromide, m.p. 156®. In these dibromides die Br atom adjoining the 
phenyl nucleus is very reactive (B. 89 , 27 ; 40 , 2174). 

Phenyl-glyeidie acid ^ ^ ch^ch co H' separated from the sodium 

salt, is an oil solidif3nng at 0®. It results from the action of alkalies 
upon a- and j8-chloro-phenyHactic acids, as well as by the condensa- 
tion of benzaldehyde with chloracetic ester (A. 271 , 137). Phenyl- 
glycidic acid is very unstable. It readily decomposes into CO 2 and 
phenyl-acetaldehyde. On boiling with water phenyl-glyceric acid is 
also produced. Hot concentrated HCl partly converts phenyl-glycidic 
acid into the isomeric phenyl-p>To-racemic acid (B. 83 , 3001). From 
the optically active phenyl-a-bromo-lactic acids the optically active 
phenyl-glycidic acids are obtained in the form of their sodium salts. 

Numerous homologous phenyl-glycidic esters have been obtained 
by condensation of aromatic aldehydes and ketones with chloracetic 
ester, or chloro-propionic ester, by means of Na ethylate or amide 
(C. 1905, I. 346 ; 1906, I. 669 ; B. 88, 699). The free acids obtained 
by saponification, like the phenyl-glycidic acid itself, easily splits up 
into COj and aldehydes or ketones. j 3 -Methyl- and ethyl-phenyl- 
glycidic ethyl ester, b.p. 148® and 149®. a-Methyl-phenyl-glycidic 
ethyl ester, b.p.^s 153®. 

o-Nitro-phenyl-glycidIc acid no,[2]C,H4Ch/^ch.co,h+h,o melts 
at 94®, and at 125® when anhydrous. It is produced when alcoholic 
potash acts upon o-nitro-phenyl-lactic acid, or by the action of sodium 
hypochlorite upon o-nitro-phenyl-lactic acid ketone (A. 284 , 135). It 
breaks down, on heating, into COj and indigo. It yields anthranile 
and anthroxan-aldehyde on boiling with water (B. 19 , 2649). 

Phenyl-a-oxy-butyro-lactone CeH5dH.CH2.CH(OH)Co6, m.p. 125®, 
from benzoyl-p>To-racemic acid by reduction with Na amalgam, is 
transformed into fi-benzoyl-propionic acid by boiling with dilute 

HCl (B. 35 , 3767) 

C. Tiioxy-alcohol Acids. — y Phenyl - trioxy - butyric acid CgH^ 
[CH.OHJjCOjH passes readily into the lactone, melting at Ii5®-ii7°; 
by reduction this yields phenyl-tetrose. y-Phenyl-trioxy-butyric acid 
is prepared by starting with the dibromide of cinnamic ^dehyde 
cyamhydrin (B. 25 , 2556 ; A. 819 , 206). 

(7) Phenyl-paraffin-aldehyde-carboxylic Acids. 

As e^lained under the aliphatic unsaturated ketols, oxy-olefin- 
carboxylic acids and oxy-ketone-carboxylic acids, the oxy-methylene 
derivatives are produced by the condensation of acetone, acetic ester, 
aceto-acetic ester, and other bodies with formic ester in the presence 
of sodium ethylate. As these compounds conduct themselves in many 
respects like aldehydes, it was originally supposed that they contained 
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the aldehyde group, and it was only their very pronounced acid char- 
acter which led to considering them as oxy-methyUne compounds. It 
is rather remarkable that two isomeric esters are formed in the con- 
densation of phenyl-acetic ester and formic ester by means of sodium 
ethylate. Both bodies yield the same derivatives with phenyl-hydrazin. 
The one is a liquid and the other a solid. 

Both forms, especially when dissolved, can quite easily be converted 
into each other. The liquid form is that of the metallic compounds, 
and is distinguished from the solid form by the strong blue-violet 
colour produced by ferric chloride. It also reacts more easily with 
phenyl cyanate. It is assumed that the liquid form corresponds to 
the enol form of formyl-phenyl-acetic ester, and the solid form to the 
aldo form of the same (W. Wislicenus, A. 812 , 34 ; also B. 89 , 203). 

Oxy-methylene-phenyl-acetic ethyl ester CH(OH) : C(CeH5)C02C2H5 
is a liquid boiling at 144® (16 mm.). Ferric chloride imparts a violet 
colour to it. Its sodium compound gives, with benzoyl chloride, 
a liquid, unstable a-benzoate CH(OCOC2H5) : CH(C2H5)C02C2H5, which 
is converted, on distillation, into a geometrically isomeric stable 
jS-benzoate, m.p. 88®. Methyl ester, m.p. 41®. 

Phenyl-formyl-acetic ethyl ester CH0.CH(CeH5)C02C2H| melts at 
70°, passing at the same time into the liquid isomeric ester. Methyl 
ester, m.p. 73° (C. 1900, I. 122). 

(8) Phenyl-paraffin-ketone-carboxylic Acids. 

The acids belonging to this group can be arranged, like the aliphatic 
ketone-carboxylic acids, as a-, jS-, and y-ketone-carboxylic acids, and 
in each of these groups we can have sub-groups, depending upon whether 
the ketone group is in direct union with the benzene nucleus or not. 

A. a-Ketone-carboxylic Acids result from the oxidation (i) of 
ketones ; (2) of glycols ; (3) of ketone alcohols ; (4) of alcohol-car- 
boxylic acids ; (5) (nuclear synthetic) from cyanides of the acid 

radicles by saponification with cold concentrated hydrochloric acid ; 
(6) from benzenes by the action of chloroxalic esters in the presence of 
aluminium chloride (B. 20 , 2045 ; C. 1898, I. 26, 42). 

Phenyl-glyoxylic acid, henzoyUformic acid C^Hg.CO.COjH, melting 
at 65®, and isomeric with the phthal-aldehydic acids, is obtained by 
oxidising aceto-phenone with potassium ferricyanide (B. 20 , 389), as 
well as by oxidising phenyl-glycol, benzoyl-carbinol, and mandelic acid 
with nitric acid : 

C^HsCO-CHs N— ► C,H,COCOOH -t C^^CO.CH.OH 

C,H5CH(0H).CH,0H— \ CeH5CH(OH)CO,H 

The acid was first prepared (by nuclear synthesis) by saponifying 
benzoyl cyanide, its nitrile, obtained from benzoyl chloride and 
mercury or silver cyanide (Claisen). Its ethyl ester is formed when 
ethyl-chloroxalic ester acts upon mercury diphenyl or upon benzene 
in the presence of AICI3. 

The acid is very soluble in water, and, when distilled, decomposes 
into CO and benzoic acid, with a small division into CO 2 and benz- 
aldehyde. Heating with aniline splits it up into CO2 and benzylidene- 
aniline, a reaction useful for forming aldehydes. When mixed with 
benzene containing thio-phene and sulphuric acid it is coloured deep 
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red, afterwards blue-violet ; all its derivatives, and also isatin, react 
siniilarly. 

Being a ketonic acid, it unites with sodium bisulphite and with 
CNH (see Phenyl-tartronic acid). Sodium amalgam converts it into 
mandeUc acid, and hydriodic acid into phenyl-acetic acid. HjS and 
the alkali produce thio-phenyl-acetic acid (C. 1903, II. 1271). 

Its methyl ester boils at 247®. Its ethyl ester boils at 257®. The 
a-amide melts at 90®. The / 3 -amlde hydrate CjHg.CO.CONHa+HaO 
melts at 64®. The ^amide melts at 134® (B. 12 » 633 ; 20 , 397). The 
anilide, from y-benzil-monoxime {q,v.) and PCI5, melts at 63®. 

Benzoyl cyanide CgHj.CO.CN, melting at 32® and boiling at 207®, is 
obtained in the distillation of benzoyl chloride with mercuric cyanide, 
and by the action of acetyl chloride (B. 20 , 2196) upon iso-nitroso- 
aceto-phenone. Sodium, in absolute alcohol, converts it into poly- 
benzoyl cyanide (C.HgNOa)^;, melting at 95® (/. Ch. 2, 39 , 260). 
Alkalies change benzoyl cyanide to benzoic acid and potassium cyanide, 
while concentrated hydrochloric acid converts it into benzoyl- 
formic acid. 

Concerning a trimolecular benzoyl cyanide (CgH5NO)8, yellow 
needles, m.p. 194®, obtained by transforming benzoyl bromide with 
silver cyanide, see B. 40 , 1655. 

Chloro-iso-nitroso-aceto-phenone, henzoyUformoximic acid chloride 
C8H5.C0.C(: N 0 H)C 1 , melting at 131®, is produced in the chlorination 
of iso-nitroso-aceto-phenone (B. 26 , K. 313). 

Formazyl-phenyl-ketone CeH5COC(N : NCgHg) : NNHC^Hg, m.p. 
142®, from benzoyl-acetic acid or benzoyl-acetone with diazo-benzol, is 
split by reduction into aniline and benzoyl-amidrazone CgHcCO C(NHa) : 
XNHCeHj, m.p. 152° (/. pr, Ch. 2, 65 , 139). 

Benzoyl cyanide anile C6H5C{: NCeH8)CN, m.p. 72®, from phenyi- 
anilido-aceto-nitrile by oxidation with permanganate in acetone. 
Similarly we obtain p-dimethyl-amido-benzoyl cyanide anile, m.p. 
121® (B. 35 , 3569). 


,NH, 


Phenyl-hydrazi-methylene-carboxylic acid | ).co,H. The 

V NH ’ 

hydrazin salt melts at 119®. Diphenyl-glyoxylic acid hydrazone 


C,H, C( : N)CO,H 

1 . Its diethyl ester melts at 138® [J. pr. Ch. 2, 44 , 567). 

Phenyl-glyoxylic acid phenyl-hydrazone melts at 153° (A. 227 , 341). 
(jS-), Syn-phenyl-glyoxyllc acid oxime melts at 147°. (a-), Anti- 

phenyl-glyoxylic acid oxime, iso-nitroso-phenyl-aeetic acid C^H^.C 
( : NOHlCOjH melts at 128° (B. 24 , 42). The methyl ester melts at 138°. 
TTie dimethyl ester melts at 56° (B. 16 , 519). Benzoyl cyanide oxime 
C,H,.C(: NOH)CN, melting at 129° (B. 24 , 3504), is obtained from 
benzyl cyanide by means of amyl nitrite and sodium or nitrous acid 
■ind sodium ethylate. Also from phenyl-glyoxime by boiling with 
NaHO, or, direct, from a>-dibromo-aceto-phenone with hy^oxyl- 
amine and alkali (B. 24 , 3504 ; J- pr- Ch. 2, 66 , 353). 

Substituted Benzoyl-formic Acids . — 0- and p-Bromo-benzoyMormlo 
acids melt at 93 “-103° and 108° (B. 25 , 3298, and 28 , 259). 

o-llltro>benzoyMormic acid N02.C,H4C0.C0,H+H20 melts at 
47°, and, when anhydrous, at 122°. The amide melts at 199°. The 
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nitrile melts at 54° (B. 28 , 1577). oxime, when acted upon with 
water, yields COg and o-nitro-benzo-nitrile. Salicylic acid is produced 
when it is boiled with alkalies (B. 26 , 1252). It forms, two isomeric 
phenyUhydrazones (B. 23 , 2080). 

m-Nitro-benzoyl-formlc acid melts at 77°. The amide melts at 151®. 
The nitrile melts at 230° (145 mm.) (B. 14 , 1186). 

p-Nitro-benzoyl cyanide, m.p. 116®, from iso-nitroso-p-nitro-benzyl 
cyanide by splitting (/. pr. Ch, 2, 66, 353). 

o-Amido-benzoyMormic acid, isatinic acid, is produced on reduc- 
ing o-nitro-benzoyl-formic acid with ferrous sulphate and sodium 
hydrate, and in the action of alkalies on isatin. If it be separated 
from its lead salt by means of hydrogen sulphide, and evaporated under 
greatly reduced pressure at low temperature, it is obtained as a white 
powder. Digestion of its solution converts it at once into its lactame 
or lactime — 

Isatin, lactame of isatinic acid lactime of isatinic 

acid (?), melting at 201°. It was first obtained by 

oxidising indigo. It consists of orange-red prisms. It dissolves in 
the caustic alkalies with the formation of salts. The solution, violet 
at first, soon becomes yellow, owing to the production of isatinates. 
Isatin acts at the same time like a ketone. 

Its other methods of formation and its derivatives will be discussed 
later in connection with the hydro-indol derivatives. The isatin deri- 
vatives referable to the lactame formula are designated pseudo- or 
i/f-derivatives, or n-derivatives — i.e, those in which the recently entered 
^oup is attached to nitrogen, — whereas the true isatin derivatives are 
referred to the lactime formula, because the latter appears to belong 
to free isatin. 

Aceto-isatinic acid CH3.C0.NH[2]CeH4.C0.C02H, melting at 160®, 
results upon treating acetyl-^-i satin (see this) with alkalies, and then 
with acids. Benzoyl-isatinic acid, melting at 188°, is produced when 
benzoyl-tetrah3^dro-quinolin is oxidised with KMn04 (B. 24 , 772). 

Acetyl-isatin melts at 141®. Benzoyl-isatin 

melts at 206®. 

f [i]C COjH 

Anthroxanie acid CeH4 | , m.p. 100®, is formed, with 

other products, during the oxidation of isatinic acid with Caro’s acid, 
and by reduction of o-nitro-phenyl-glyoxalic acid with tin and glacial 
acetic acid ; also by heating the o-nitroso-mandelic nitrile with con- 
centrated HCl (B. 89 , 2344), and by oxidation of anthroxane-aldehyde 
with KMn04 (B. 16 , 2222 ; /. pr, Ch, 2, 81 , 254). 

p-Dimethyl-amido-phenyl-glyoxylic ester (CH8)2N.C4H4C0.C02C^5, 
m.p. 187®, is obtained from dimethyl-aniline ethyl-oxaJic acid chloride, 
or oxalic ester with AICI3 (B. 10 , 2081 ; C. 1907, II. 310) ; the corre- 
sponding chloride results from dimethyl-aniline and oxalyl chloride. 
On heating, it decomposes into CO and p-dimethyl-amido-benzoyl 
chloride (B. 42 , 3486). p-Amino-phenyl-gly oxalic acid and its n-alky- 
lated derivatives are also form^ from the related amino-phenyl- 
tartronic acids by oxidation (C. 1901, I. 237, 239). 
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o-Oxy-phenyl>glyozylle acid HO[2]C,H«COCOOH, m.p. 57°, from 
isatinic acid through its diazo-sulphate ; the acid condenses with 
phenylene-diamine to o-oxy-phenyl-oxy-quinoxdin, which may be 
transformed into a lactone, the so-called cumaro-phenazin, and obtained 
from that (B. 84 , 2294) ; 

HO[2]C,H,C=N\f, „ „ C,H4 C=N\p „ 

— - 6-C=N>**‘- 

o-Aeetoxy-phenyl-glyoxylie acid, m.p. ioi®-io6°, with one molecule 
HjO, is produced from its nitrile, m.p. in®, the result of the action of 
silver cyanide upon acetyl-salicylic chloride (A. 868, 8o). The lactone 
corresponding to isatin — 

Cumarandione c,H 4<^^^CO. in yellow needles, m.p. 178°, is ob- 
tained by the oxidation of the so-called oxindigo with CrOg in glacial 
acetic acid (B. 42 , 199). From it is derived iso-nitroso-cumaranone 

CiH4<^^^C : NOH, melting at 172® with decomposition (B. 35 , 1640, 

4346). The p-dimethyl-amido-anile of cumarandione CeH4<^^^C : NC. 

H4N(CH3),^ m.p. 185®, is produced by the condensation of cumaranone 
with p-nitroso-dimethyl-aniline (B. 44 , 124). 

Thio-isatin, thio-naphthene-quinone C4H4<^g^^CO, yellow prisms from 
alcohol, m.p. 121®, b.p. 247®, from its anile, the transformation product 
of dibromo-thio-indoxyl C4H4<^g^^CBrj, and from iso-nitroso-thio- 

indoxyl C4H4<(^g^^C : NOH, m.p. 172®, and by splitting up with dilute 

H2SO4. Dissolves in alkalies v^ath formation of salts of thio-pheiiol- 
o-glyoxylic acid, which, in the free state, easily fall back into the 
anhydrides (B. 41 , 227). 

p-Methoxy-phenyl-glyoxylic acid melts at 89®. 

Veratroyl-carboxylic acid (CH30)2[3, 4JCyH3.CO.CO2H, m.p. 138®, 
and piperonoyl-carboxylic acid (CH202)[3, 4JC5H3C0.C02H, m.p. 148®, 
have been produced by the oxidation of anethol, of iso-eugenol-methyl 
ether, and of iso-safrol (B. 24 , 3488). The nitriles of the first two 
acids, m.p. 64° and 117®, are prepared from anisic acid chloride and 
veratroyl chloride and HCN respectively in the presence of pyridin 
(B. 42 , 188). 2, 5-dioxy-phenyl-glyoxylic acid, m.p. 141°, results from 

oxidation of o-oxy-phenyl-glyoxylic acid with K persulphate in 
alkaline solution (C. 1907, II. 901). 

Homologous Phenyl-glyoxylic Acids —m-Tolyl-glyoxylic acid yields 

so-called methyl-isatin m.p. 184“. This is 

obtained by boiling p-methyl-isatln-p-tolyl-imide, m.p. 259®, the pro- 
duct of the action of dichloro-acetic acid upon p-toluidin, with hydro- 
chloric acid (B. 16 , 2262 ; 18 , 198). 


p-Toly^glyozylic add . 

. m.p. 96® 

(B. 14, 1750 ; S! 0 , 3049). 

5]-Zy^l-gl^ozy]io add . 

• M 75 ® 

(C. 1898, I. 42). 

(iii-)[ 2 , 4>^^l-glyoiy]io add . 

. .. 85® 

(J. pr. Ch. 2 . 41, 485 ). 

(o-)[ 8 ^ 8 ]-^^l-glyozylie add . 

. 92 ® 

(B. 20 , 1766). 

Ib^l-^ozjrUc add 

• ,, 112®- 

•“®”}(B. 84, R. 741). 

Oe, 4 , 6 >Paeiido-«aiiiyl-idrox]rlic add 

• » 75 ® 
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298,4,6- and 2 , 8, 5 , 6-Tetrametliyl-phenyl-glyoxylie aeU (B. 19 , 
233 ; 20, 3099). Cymyl-glyoxylle aeid (C. 1898, L 42). 

Phenyl-pyro-racemic acid C^Hj.CHj.CO.CO^H melts 154® with 
evolution of carbon dioxide. It is formed when a-benzoyl-amido- 
cinnamic acid (A. 275 , 8) is boiled with caustic alkali or hydrochloric 
acid, as well as by boiling phenyl-oxal-acetic ester with dilute sulphuric 
acid (A. 271 , 163). Ammonia converts it into a-phenacetyl-amido- 
hydro-cinnamic acid, or phenacetyl-phenyl-alanin. Oxidised with 
H2O2, in alkaline solution, it decomposes cleanly into COj and phenyl- 
acetic acid (C. 1904, 1 . 194). With benzaldehyde and concentrated 
HCl it unites to form y-diphenyl-a-keto-butyrol-acetone (A. 838 , 
160). 

o-Oxy-phenyl-pyro-racemic acid HO.CeH4CH2.CO.CO2H is pro- 
duced, like phenyl-pyro-racemic acid, from a-benzoyl-amido-o-oxy- 
cinnamic acid and sodium hydroxide. Its lactone, a-oxo-hydro- 
f[i]CH,.CO 

eumarin C,H4- I (?), m.p. 152®, is produced when it is boiled 

[[2]0 — CO 
with acids (B. 18 , 1187). 

Nitro-substituted phenyl-pyro-racemic acids are obtained syntheti- 
cally by condensation of oxaUc ester, and o- or p-nitro-toluols with 
sodium ethylate : 

o-Nitro-phenyl-pyro-racemic acid N02[2]CeH4CH2C0C00H, m.p. 
121®, gives, on reduction, n-oxy-indol and, further, a-indol-carboxyhc 

acid C4H4<^^^^ccooh. p-Nitro-phenyl-pyro-racemic acid, m.p. 194® ; 


0, p- and 0, m-methyl-nitro-phenyl-pyro-racemic acid, m.p. 145® and 
193® (B. 30 , 1030 ; 81 , 387). 

Benzyl-pyro-racemic acid CeH5CH2CH2C0C00H+iJH20, m.p. 
47°, results from the transposition of a-oxy-phenyl-crotonic acid by 
means of NaHO, while HCl forms the isomeric benzoyl-propionic acid ; 
further, benzyl-pyro-racemic acid is also obtained by splitting up 
benzoyl-oxal-acetic ester (A. 299 , 28 ; B. 81 , 3134). 

B. Phenyl-paralBn-j 3 -ketone-carboxylic Acids are produced (i) by 
a condensation, similar to the aceto-acetic ester formation, from ben- 
zoic and fatty acid esters, aceto-phenone, and carbonic acid esters, 
with alcohol elimination, in the presence of sodium alcoholate (see 
Benzoyl-acetic ester) ; (2) by the introduction of alphyl residues, by 
means of chlorides — e.g, benzyl chloride, — into aceto-acetic ester 
(see Benzyl-aceto-acetic ester) ; (3) by action of benzaldehydes upon 
^azo-acetic ester (see Benzoyl-acetic ester). ; (4) from malonic ester 
acid chlorides and benzene, in presence of AICI3 (C. 1905, II. 30) ; (5) by 
transposition of benzoyl chloride or bromide with Mg-a-halogen ali- 
phatic acid esters (A. 847 , 71) ; (6) by hydration of phenyl-propiolic 
acid ester. 

With hydroxylamine they yield oxime anhydrides, lactoximes, or 
iso-azolones ; and with hydrazin and phenyl-hydrazin, hydrazin an- 
hydrides, lactazames, or pyrazolones. 

Benzoyl-acetio acid C4H5.CO.CH2.CO2H, m.p. 103® with decom- 
position into CO2 and aceto-phenone. It breaks down, in the same 
manner, when it is boiled with dilute acids. It is obtained by saponi- 
fying its ethyl ester with caustic potash at the ordinary’ temperature. 
Ferric chloride imparts a violet-red coloration to its solution. 
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BenioyKaeetie ester C,Hj.CO.CH,.CO,C,H, boils at 148° (ii mm.), 
(i) It was first prepared by dissolving phenyl-propiolic ester in sul- 
phuric acid and then diluting with water (B. 17 , 66 ). (2) By the action 

of sulphuric acid and water upon a-bromo-cinnamic ester (B. 19 , 1392). 

(3) It is most conveniently made by the action of dry sodium ethylate 
or sodium upon ethyl benzoate and acetic ester (B. 20 , 653, 2179). 

(4) By splitting up benzoyl-acetic ester with ammonia (A. 291 , 70). 

(5) Small quantities of the ester are produced when esters of carbonic 
acid act upon aceto-phenone together with sodium ethylate. (6) It 
is also formed when benzaldehyde is heated with diazo-acetic ester. 
(7) From muonic ester acid chloride, benzene, and AlCl,. (8) From 
benzyl bromide and magnesium-bromacetic ester : 


1. C,H4.C=C.C0,C,H, 

2. C,H,.CH=CBr.CO,C,H, 

3 . C,H,.CO,C,H,+CH,CO,C,H, 

4. C,H,C0CH(C0CH3)C0,C,H. - 

5 . C,H,.CO.CHs-|-C,H,O.CO,C,H, 

6 . C,H,.CHO-|-N,.CH.CO,C,H, — 

7. C,H,-|-aCO.CH,.CO,C,H, 

8. C,H,COBr + BrCH,CO,C,H, 


SO.H. 


H,o 


-C,H,OH 


NH..H,0 


-N. 


AlCl. 


-HCl 

Mg 


C,H,.CO.CH,CO,C,H, 
Benzoyl-acetic ester. 


Benzoyl-acetic ester volatilises with steam without decomposition 
(A. 282 , 155). Its odour resembles that of aceto-acetic ester. 

It forms (i) with ammonia an addition product like that of aldehyde- 
ammonia ; with amines it splits off water and yields imides — j5- 
methyMmido-hydro-einnamic ester C«H5C(NCH3)CH2.C02.C2H5 (B. 29 , 
105) ; (2) with hydrazin it yields 3-phenyl-pyrazolone ; (3) with phenyl- 
hydrazin, diphenyl-pyrazolone ; (4) with hydroxylamine, phenyl-is- 
oxazolone; (5) with urea, phenyl-uracile ; (6) with guanidin, imido- 
phenyl-uracile ; (7) with nitrous acid, the oxime ; (8) with diazo-ben- 
zene chloride, the phenyl-hydrazone of benzoyl-glyoxylic ester ; (9) 
with PCI5, jS-chloro-cinnamic chloride. Iodine converts its sodium 
compound into dibenzoyl-succinic ester, while with the alkylogens 
homologous benzoyl-acetic esters result. The hydrogen atoms of the 
CHj group are also replaceable, step by step, by acid radicles. It 
yields / 5 -ethoxy-cinnamic esters when acted upon with orthoform ic 
estcis. The amide melts at 112® (A. 266 , 332), and the anilide at loy"* 
(A. 245 , 374 ). 

The dimethyl-acetal C3H5C(0CH3)2CHgC02CH3, b.p.j* 147®, is 
formed from phenyl-propiolic acid methyl ester with alcoholic Na 
methylate solution at 125® (C. 1903, II. 664) ; diethyl-acetal, b.p 
153“ (C. 1904, I. 659). 

Benzoyl-aceto-nitrile, m-cyanaceto-phenone C0H5.CO.CHj.CN, melt- 
ing at 80®, is produced on boiling benzoyl-cyanacetic ester with water, 
on acting upon sodium oxy-methylene-aceto-phenone with hydroxyl- 
amine hydrochloride and sodium hydroxide (B. 24 , 133), and upon 
treating imido-benzoyl-aceto-nitrile or imido-benzoyl-methyl cyanide 
with hydrochloric acid. 

Imido-bensoyl-eyano-methane C0H5.C(: NH)CHjCN, melting at 
86®, results when sodium acts upon a dry ethereal solution of benzo- 
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nitrile and methyl cyanide or aceto-nitrile (B. 22 , R. 327). When 
treated with hydroxylamine hydrochloride, the imido-group is replaced 
by the oximido-group, and the latter adds itself to cyanogen with the 

N O 

production of phenyl-isoxazolonimide II I , melting at 
III® (B. 26 , R. 272). 

p-Nitro-benzoyl-acetic aeid CeH4(N02).C0.CH2.C02H melts at 135®, 
and is produced by heating p-nitro-phenyl-propiolic ester with sulphuric 
acid. It breaks down, on melting, into CO2 and p-nitro-aceto-phenone. 
o-Nitro-phenyl-propiolic ester is readily transposed into the isomeric 
isatogenic ester (B. 17 , 326). 

0-, m-, and p-Nitro-benzoyl-acetic esters (liquid, m.p. 79® and 75® 
respectively) are best prepared by splitting up the corresponding nitro- 
benzoyl-aceto-acetic esters (B. 35 , 931, 933 ; C. 1904, L 724). 

Methyl-benzoyl-aeetic ester, boiling at 226® (225 mm.), when treated 
with nitrous acid forms a-iso-nitroso-propio-phenone (B. 21 , 2119). 
a-Ethyl- and diethyl-benzoyl-acetic ester boil at 210® (90 mm.) and 223® 
(150 mm.). 

Allyl-benzoyl-acetlc ester boils at 220® (100 mm.). Benzoyl-trl- 
methylene-carboxyllc acid, melting at 148®, decomposes at higher tem- 
peratures into CO2 and henzoylrtnmethylene (pp. 268 seq) (B. 16 , 2128, 
213b). 

a-Phenyl-aceto-acetic ester CeH5CH(COCH3)COOC2H5, b.p.^i 146®, 
is obtained by saponifying its nitrile, m.p. 90®, a condensation product 
of benzyl cyanide and acetic ester, by means of sodium ethylate (B. 31 , 
3160) ; similarly, we obtain propionyl-phenyl-acetic ester C4H5CH 
(C0CH2CH3)C02C2H6, b.p.18 155®, and propionyl-benzyl cyanide, m.p. 
70® (B. 36 , 2242). 

2, 5-Dinitro-phenyl- and 2, 4, 6-trinitro-phenyl-aceto-acetic ester, 

melting at 94° and 98°, result from the action of 2, 5-dinitro-bromo- 
benzene and 2, 4, 6-trinitro-chloro-benzene upon sodium aceto-acetic 
ester (A. 220 , 131 ; B. 22 , 990 ; 23 , 2720). 

Benzyl-aceto-acetic ester is derived from 

sodium aceto-acetic ester and benzyl chloride (A. 204 , 179). It boils 
at 276®, and by the ketone decomposition yields benzyl-acetone (B. 15 , 
1875) ; by the acid decomposition it forms phenyl-propionic acid. 

C y- and 8-Ketone-carboxylic Acids CeHg.CO.CHg.CHj.COgH, m.p. 
116°, are obtained (1) by the condensation of benzene and succinic an- 
hydride by means of AICI3 (B. 20 , 1376) ; (2) by condensation of benz- 
aldehyde with maleic acid, or fumaric acid, by means of piperidin at 
I 50 ®-i 6 o® (C. 1903, 1 . 769) ; (3) by reducing jS- benzoyl-acrylic acid ; 
(4) by the elimination of carbon dioxide from benzoyl-iso-succinic acid, 
and (5) from phenacyl-benzoyl-acetic ester by the acid decomposition ; 
(6) by boiling the HCN addition product of cinnamic aldehyde with 
<^lute hydrochloric acid, and carefully saponifying the phenyl-oxy- 
crotonic acid produced at first when cold, which with heat rearranges 
itself (B. 29 , 2582 ; A. 299 , 23) : 

C,H,CH :CH.CH(OH)CN ► C,H,CH : CH.CH(OH)COOH ► C,H,CO.CH,.CH,COOH. 

(7) Benzoyl-propionic acid is also formed by transposition of y- 
phenyl-a-oxy-but5To-lactone (B. 86 , 2529). 
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By splittin g off H ,0 it yields phenyl- A*-eroto-laetone C^Hj 

(i : CH.CHjCOO, m.p. 91°. From the dibromide of cinnamic aldehyde 
cyano- hydrin the isom eric oily phenyl-A*-croto-lactone is obtained, 

C,Hj.CH.CH : CH.C06, which easily transposes into the AMactone 
(A. 819 , 196). 

Reduction transforms j 5 -benzoyl-propionic acid into y-phenyl- 
but5TO-lactone. 

Phosphorus pentasulphide converts the acid into phcnyl-oxy-thio- 
phene (B. 19 , 553). It yields two isomeric oximes, melting at 129° and 
92° (B. 25 , 1932). 

a- Methyl -/ 3 - benzoyl -proplonie aeld C,HjCOCHjCH(CHj)COOH, 
m.p. 136°, by condensation of benzene and pyro-tartaric anhydride 
with AlClj (C. 1900, II. 172). 

y-Benzoyl-butyrie acid CeH,COCHgCH,CH,COOH, m.p. 126®, from 
glutaric acid chloride with benzene and AlCl,, as well as a-benzoyl- 
glutaric ester by ketone-fission (B. 81 , 2001). 

a-Phenyl-l8Bvulinlc sold • m.p. 126®, is 

derived from phenyl-aceto-succinic ester (B. 17 , 72 ; 18 , 790). j8- 

Benzyl-lssvulinie acid from / 3 -benzal-laevulinic 

acid (A. 254 , 202), m.p. 98°. See Benzal-angelica-lactone. / 9 -Phenyl- 
y-aceto-butyric acid > m.p. 83®. It is obtained 

from phenyl-dihydro-resorcin by the action of alkalies or acids (B. 26 , 
2057 ; A. 294 , 322). Phenyl-dihydro-resorcin is again formed when 
its esters are condensed with sodium alcoholate. 

(9) Phenyl-alcohol-ketone-carboxylic Acids. 

Benzoyl-glycollle acid C,H,.C0.CH(0H)C02H. m.p. 125® (B. 18 , 
2133 )- 

o-Acidyl-phenyl-glycollic esters like p-toly-acetyl-glycol-methyl 
ester CH,C,H4C(OH)(COCHj).COjCH„ b.p.jj 190°, and p-dimethyl- 
amldo-phenyl-acetyl-glycollio-methyl ester (CH3) ,NC4H4C(OH)(COCH,) 
CO4CH4, m.p. 81®, etc., zire formed by condensation of aromatic hydro- 
carbons and anilines with a, / 3 -diketo-butyric ester (C. 1909, I. 1795). 
They are easily reduced to the corresponding aldehydes. 

Aeetoxy-phenyl-pyro-raeemic nitrile C4HgCH(O.COCH,).CO.CN, 
m.p. 52'5®, b.p.jo 150®, by heating acetyl-mandelic chloride with silver 
cyanide (A. 368 , 77). Derived from phenyl-oxy-pyro-racemic acid is 

/OH 

the acid c.H,CH(NHC,H,)C^^ — COOH , m.p. 194®, whose nitrile is 

obtained by condensation of phenyl-anilido-acetic nitrile with benz- 
aldehyde and KCN (B. 29 , 1732 ; 31 , 2701). 

y-Phenyl-y-keto-o-oxy-butyric acid C4H5.CO.CH4.CH(OH)COjH, 
m.p. 125®, is obtained from its trichloride, chloral-aceto-phenone C4H4. 
CO.CHj.CH(OH)CCl„ m.p. 76® (B. 26 , 557). 

From the geometrically isomeric phenyl-keto-oxy-butyric acids 
are derived the bromination products of phenyl-aceto-acetic ester, and 
a-propionyl-pbenyl-acetic ester : a-bromo-phenyl-acetoacetic ester CH4CO 
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CBr(C*H,)COaCjH, and a-propionyl-phenyl-bromo-acetic ester CHjCH, 
COCBr(CeH,)COjC,H, ; also ybromo-phenyl-acetoacetic ester CH,Br 
COCH(C,H,)CO,C,H, and -y-bromo-propionyl-phenyl-acetlc aster CH,CH 
BrCOCH(C,H,)COaCjH,. The first two, distilled with steam, disinteg- 
rate into CO, HBr, and atropic acid ester or /J-methyl-atropic acid ester ; 
the last tw o, on heating with wa ter, yield lactones, viz., a-pbMtyl*tetronie 

acid (iHj.C(OH) : C(C,Hg)Co6, m.p. 25 4°, and a-Phenyl-y-methyh 

tetronic acid CHgdH.C^H) : C(CgHg)C 06 , m.p . 178“ (B. 89, 3929). 

y-Phenyl-tetronlc acid C,H5(!:H.C(0H) ; CH.C06, m.p, 128°, is formed 
from the transformation product of acetyl-mandelic chloride with 
sodium-malonic ester, by saponification and elimination of CO, (A. 
868. 65). 


(10) Diketone-carboxylic Acids. 

Benzoyl-glyoxylic acid CeHg.CO.CO.COgH. The ethyl ester, an 
orange-coloured oil, boiling at I50°-I53° (13 mm.), is formed by con- 
ducting N2O3 into a mixture of benzoyl-acetic ester and acetic an- 
hydride. With water and alcohols it forms colourless hydrates and 
alcoholates (C. 1907, II. 233). 

The a-oxime and a-phenyl-hydrazone, of the ethyl ester of this 
acid, have been prepared by the action of nitrous acid and diazo-benzol 
chloride (B. 21 , 2120) upon benzoyl-acetic ester. 

Benzoyl-iso-nitroso-acetie ester CeH5.CO.C(: N0H)C02C,H5, m.p. 
121°. Benzoyl - a - phenyl - hydrazone - glyoxylic ester CeHj.CO.C 
(: NNHC,H5)C02C2H5, m.p. 65®. The benzoyl-amido-acetic ester 
obtained by reduction of benzoyl-iso-nitro-acetic ester yields on diazo- 

tising benzoyl-acetic ester diazo-anhydride 3612). 

Quinisatinic acid, o-amido-benzoyl-glyoxyllc acid NH 2 [ 2 ]CeH 4 CO. 
CO.CO2H at 120® breaks down into water and its lactame or lactime. 
It is obtained by oxidising / 3 , y-dioxy-carbo-styrile with ferric chloride. 
Its lactame or lactime is — 

r[i]CO.co r[i]coco 0.0 ... 

Quinisatin 1 or c.h^ i , m.p. 255 -260 (B. 

i[2]NH.CO U2]N---C0H 

17, 985). 

Benzoyl-pyro-racemic acid CeHj.CO.CHj.CO.COjH, m.p. 157°, is 
prepared from its ethyl ester (melting at 43°), produced in the condensa- 
tion of aceto-phenone and oxalic acid (B. 21, 1131). Ferric chloride 
imparts a blood-red colour to the alcoholic solution the ester. Ben- 
zoyl-pyro-racemic chloralide, see B. 31, 1306. Nucleus-substituted 
benzoyl-pyro-racemic esters, see B. 84, 2477 ; 86, 2695. 

When benzoyl chloride acts upon aceto-acetic ester, it produces 
benzoyl-aceto-acetic ester C4H5.C0.CH.(C0.CH3).C02C2H5. This de- 
composes into aceto-phenone and benzoyl-acetone (B. 18, 2131). 

0 -, m-, and p-Nitro-benzoyl-aceto-acetic ester (A. 221, 323 ; B. 85, 

/COH 

Aceto-phenone-aceto-aoetlc ester c,h,.co.ch,.ch.<^^^*^jj m^'lts 

at 130^-140®, with decomposition into CO, and aceto-phenone- 
acetone. Its ethyl ester is produced by the action of co-bromo-aceto- 
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phenone upon sodium aceto-acetic ester (B. 16 , 2866). Like aceto- 
phenone-acetone, the ester readily forms a furfurane derivative. 
On treatment with alcoholic potash it passes into y-phenyl-a-acetyl- 
crotonic lactone. 

d-Phenaeyl-lSBVUlinlo acid, see B. 84 , 1263. 

(ii) Phenyl-paraffin-dicarboxylic Acids. 

The phenyl-paraffin-dicarboxylic acids, like the aliphatic, saturated 
dicarboxylic acids, can be arranged into malonic acids, ethylene-succinic 
acids, etc. 

Phenyl-malonic A cids, — Phenyl-malonic acid C^Hg.CH (COgH) 2 
melts at 152°, splitting off COj and forming phenyl-acetic acid. Its ester, 
boiling at 171° (14 mm.), is formed from phenyl-oxalacetic ester by the 
elimination of carbon monoxide (B. 27 , 1091). Dlnitro-phenyl-malonic 
ester (N02)2 CeH3.CH (€0202115)2, melting at 51®, is obtained by the 
action of brom^initro-benzene upon sodium malonic ester (B. 21 , 2472 ; 
22 , 1232 ; 23 , R. 460 ; 26 , R. 10). 

2, 4, 6-Trinitro-phenyl-malonic ester, picryUmalonic ester (N02)3 
C5H2CH(C02C2H5)2, exists in two modifications, melting at 58° and 
64® (B. 28, 3066 ; 29, R. Q97 ; C. 1899, II. 25). Bromo-thymo- 
qulnone-malonie ester [C502Br(C3H7)]CH(C02C2H5)2, m.p. 78°, gives 
blue salts with metals (B. 34 , 1558). 

Phenyl-cyano-acetic acid C6H5CH(CN).COOH, m.p. 92®. Its ethyl 
ester, b.p. 275®, is formed by the action of Na and carbonic acid ester 
upon benzyl cyanide. The amide, m.p. 147®, gives, on treatment with 
PCI5, phenyl-malonic nitrile CeH5CH(CN)2, m.p. 69°, b.p.gi 153 ® 
(C. 1904, II. 953). 

Benzyl - malonic acid, phenyl -iso -succinic acid CgHg.CHg.CH 
(C02H)2, melting at 117®, is obtained from its ester, produced in the 
action of benzyl chloride upon sodium-malonic ester, as well as by the 
reduction of benzal-malonic acid (A. 218 , 139). 

0- and p-Nitro-benzyl-malonlc ester (B. 20 , 434). The o-acid is 
condensed by sodium hydroxide to n-oxy-a-indol-carboxylic acid 
(B. 29 , 639). Methyl-benzyl-malonlc acid (A. 204 , 177). ^-Phenyl- 
ethyl-malonlc-acld ester C5H5(CIl3)CH.CH(COOC2H5)2, b.p.^g 230®, by 
attachment of CHjMgl to benzal-malonic ester. The acid melts at 
144° vnth decomposition into CO, and jS-phenyl-butyric acid (C. 1905, 
IL 1023). 

CeHj.CH.COjH 

PhenyUsuccinic Acids. — Phenyl-succinic acid I , melt- 

CHj.CO.H 

ing at 167®, results from oj-chloro-styrol C5H5.CH : CHCl, as well as from 
benzal-malonic ester, by means of potassium cyanide (A. 293 , 338) ; by 
the decomposition of phenyl-aceto-succinic ester, by means of very con- 
centrated caustic potash ; from phenyl-ethane-tricarboxylic acid, and 
from the so-called hydro-cornicularic acid C17H15OH. Its anhydride 
melts at 54® (B. 23 , R. 573), and another modification at 150® (M. 24 , 
413 ; C. 1907, 1 . 720). Chloride, b.p.^g 151®. Dimethyl ester, m.p. 58®, 
b.p.y 161®. 

Ester Acids. — By semi-esterification of phenyl-succinic acid, or 
attachment of methyl alcohol to the anhydride, we get about 75 per 

cent, phenyl-fucelnlc /3-methyl-ester a-aeid CeH5CH(C02H).CH2C05 
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CH„ m.p. 92®, and about 25 per cent, phenyl-succinic a-methyl-ester 
/J-acld C«H,CH(COaCH,) m.p. 103®. 

Pure a-methyl ester )8-acid is obtained by semi-sapohification of 
the neutral ester, and the )8-methyl ester a-acid from )8-phenyl-)8- 
cyano-propionic methyl ester CaH5.CH(CN).CHaCOaCH,. m.p. 55®, by 
saponification of the cyanogen group. The constitution of the two 
isomeric ester acids follows from the transformation of the ester acid 
chlorides with benzene and AlCl,, whereby the jS-methyl ester a-acid 
passes into desyl-acetic ester and the a-methyl jS-acid into phenyl- 
phenacyl-acetic ester (A. 354 , 117). 

Phenyl-succinic jS-amido-a-acid CeH5CH(COOH).CH2CONH2, m.p. 
145®, formed by attachment of NH3 to the anhydride, the isomeric 
phenyl-a-amido-) 3 -acid C3H6CH(CONH2).CH2COOH, m.p. 159®, from 
/ 3 -phenyl- jS-cyano-propionic acid (q.v.). 

o-Oxy-phenyl-succinic acid melts with decomposition at 150®. It 
is obtained from cumarin and potassium cyanide (A. 293 , 366). 

C,H,.CH.CO,H 

Phenyl-methyl-succinic acids I have been obtained in 

CHg.CHCO.H 

two modifications, melting at 170® and 192® (B. 24 , 1876). 

C.H,.CH,.CH.CO,H 

Benzyl-succinic acid | melts at 161®, and results 

CHg.CO.H 

from sodium ethan-tricarboxylic ester, or sodium ethan-tetra-carboxylic 
ester by the action of benzyl chloride, etc. (B. 17 , 449), as well as by 
the reduction of phenyl-itaconic acid (B. 23 , R. 237), It forms an 
anhydride, melting at 102®, 

Phenethyl-succlnlc acid CeH6CH2CH2CH(COOH)CH2COOH, m.p. 
136°, by reduction of styryl-succinic acid, and from hydro-cinnamyl- 
idene-malonic acid, with KCN. 

Phenyirglutaric Acid , — a-Phenyl-glutaric acid CgH5CH(COOH)CH2 
CHgCOOH, m.p. 83®, from C3H5CH(COOR)CH2CH(COCH3)COOR or 
CgHrCfCOORloCHgCHgCOOR by splitting ; easily passes into the 
anhydride, m.p. 95® (B. 34 , 4175). 

^-Phenyl-glutaiic acid C3H5CH(CH2COOH)2, m.p. 142®, by splitting 
up jS-phenyl-propane-aai-tri- or tetracarboxylic ester, the condensation 
products of cinnamic ester, or benzol-malonic ester, with malonic 
ester by means of sodium ethylate. By nitration it is transformed 
into a mixture of 0-, m-, and p-nitro-phenyl-glutaric acids, m.p. 205®, 
204®, and 240®. The o-nitro-acid gives, on reduction with SnClg 

and HCl, hydro-carbo-styrile-y-acetic acid 

m.p. 183® (B. 40 , 1586). Homologous and substituted ^-phenyl-glutaric 
acids, see A. 360 , 344. / 3 -Phenyl-a-methyl-glutaric acid, m.p. 125°, from 
the result of attaching methyl-malonic ester to benzal-malonic ester. 

(12) Phenyl-alcohol-dicarboxylic Acids. 

A general method for preparing these substances consists in the 
condensation of aromatic hydrocarbons, anilines, and phenols, and 
mesoxalic acid ester or alloxane (Volume I.), under the influence of 
concentrated sulphuric acid (C. 1909, 1 . 1560). They are easily oxidised 
to the corresponding plienyl-glyoxylic acids and aromatic aldehydes 
(see C. 1910, 1 . 25). 
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Phenyl-tartronlc methyl ester CeH5C(0H)(C02CH3),, m.p. 67®, b.p.^ 
165® ; p-tolyl-tartronic methyl ester, m.p. 72® ; p-methoxy- and p-dl- 
methyl-amido-phenyl-tartronic methyl ester melt at 118® and 115®. 

Trinitro-phenyl-tartronic ester (N02)3CeH2C(0H) (€0202115)2, m.p. 
117®, by oxidation of trinitro-phenyl-malonic ester with HNO3 (C. 
1899, II* 25)- 

Benzyl-tartronic acid C3H5.CH2.C(0H)(C02H)2 melts at 143®, with 
decomposition into COj and j3-phenyl-lactic acid. It results from the 
action of caustic potash on henzyUMoro-malonic ester, the product 
obtained from the interaction of benzyl chloride and sodium chloro- 
malonic ester (A. 209, 243). a Anilido-, phenyUhydrazido-benzyU 
malonic ester, etc., are produced by the addition of the respective bases 
to benzal-malonic ester (B. 28, 1451 ; 29, 813). 

jS-Methoxy-benzyl-malonic acid CeH5.CH(0CH3).CH(C02H)2 melts 
at 115® with decomposition into methyl alcohol and benzal-malonic 
acid, from whose ester the jS-methoxy-benzyl-malonic ester is pro- 
duced by addition of sodium methylate (B. 27, 289). 

C,H5.C(0H)C0,H 

Phenyl-malic Acids. — a-Phenyl-a-oxy-succinic acid I 

CH, . CO,H 

m.p. 187®, is produced by the action of bromine, phosphorus, and water 
upon phenyl-succinic acid. 

CeHj.CH.COjH 

a-Phenyl-jS-oxy-succinic acid I , m.p. i5o®-i6o®, 

CH(OH) COaH 

results from the interaction of phenyl-formyl-acetic ester, prussic acid, 
and hydrochloric acid (B. 23, R. 573). 

Benzyl-malic acid h’ 

densation product of chloral with benzyl-malonic acid by saponification 
with KOH (B. 88, 2737). 

Phenyl-itamallc acid may be obtained in the form of its lactone acid, 
C,H,.CH.CH^CO,H 

phenyl-paraconic acid ^ , m.p. 109®, by heating 

benzaldehyde with sodium succinate and acetic anhydride (A. 256, 63). 
For other methods, see B. 33, 1294 ; A. 321, 127 ; 330, 292. 

Phenyl-paraconic acid, upon distillation, breaks down into carbon 
dioxide, phenyl-butyro-lactone, and phenyl-iso-crotonic acid. A further 
product is a-^aphthol (q.v.), 

Phenyl-itaconic acid is produced when metallic sodium, or sodium 
ethylate, acts upon phenyl-paraconic esters. Hydriodic acid reduces 
it to benzyl-succinic acid and phenyl-butyric acid (B. 29, 15). 

0 -, m-, and p-Chloro-phenyl-paraconic acids result from the con- 
densation of monochloro-benzaldehydes with sodium succinate, and 
yield three chlorinated naphthols (B. 21, R. 733). 1, 3, 4-DicUoro- 
phenyl-paraconic acid, m.p. 138®, forms two dichloro-naphthols (B. 28, 
R. 244). 

a- and p-Mcthyl-phenyl-paraconic acids are produced in the con- 
densation of benzaldehyde with pyro-tartaric acid, and yield methyl-a- 
naphthols (A. 255, 257). 

a-Phenyl-y-valero-lactone-carboxylic acid €,h,.ch.co\^ ^ 

COjH.CH.CH^^CHj 

167®, is produced in the reduction of phenyl-aceto-succinic ester 
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(B. 18, 7 ^i). S-Phenyl-S-valero-lactone-y^arboxyllo acid, m.p. i6i°, 
by reduction of a-benzoyl-glutaric acid, on distillation, gives A ’rdihydro- 
cinnamenyl-acrylic acid. 

( 13 ) Phenyl-ketone-dicarboxylic Acids. 

Benzoyl-malonic ester C8H6.C0.CH(C02.C2H5)2 and o-nltro-benzoyl- 
malonlc ester are produced by the action of benzoyl chloride and o-nitro- 
benzoyl chloride upon sodium-malonic ester (B. 20, R. 381). The 
latter yields quinolin derivatives upon reduction (B. 22, 386). 

Benzoyl-cyano-acetlc methyl ester CeH,.co.CH<^^^* m.p. 74®, 

is formed from cyano-acetic methyl ester and benzoyl chloride. Its 
ethyl ester, m.p. 41®, from benzoyl-acetic ester and cyanogen chloride, 
yields cyano-aceto-phenone on boiling with water. 

Phenyl-acetyl-malonic ester CeH5CH2.CO.CH(COOC2H5) 2, from 
phen-acetyl chloride and Na-malonic ester, is condensed by concentrated 
H2SO4 to naphtho-resorcin-carboxylic ester (A. 298, 374). 

Benzoyl-iso-succinic ester CeHg.CO.CHg.CH (€0202115)2 is obtained 
from fo-bromaceto-phenone and sodium-malonic ester (B. 18, 3324). 

a-Benzoyl-glutaric ester CgHgCOCH (C02C2H5)CH2CH2C02C2H5, 
b p,i2 200°~2io°, from Na-benzoyl-acetic ester with j8-iodo-propionic 
ester. 

^-Benzoyl-glutario add CeHjCOCH(CHjCOOH)2, m.p. 122°, on 
stronger heating, gradually splits off HjO and passes into the dilactone 

C,HjC — m.p. 137®. The latter is formed synthetically 

j ^CHj.COO’ 

from benzoic anhydride and sodium tricarballylate at I35®-I40® 
with rejection of CO2 and HjO ; it can easily be broken up into 
^-benzoyl-glutaric acid, and is reduced by sodium ama lgam to phenyl- 

bu tyro-lactone-acetic acid C5H5CH.CH(CH2COOH)CiIXOO, m.p. 114° 
(A. 314, 58). 

C,Hj.CH.CO.CO,.C,H5 

Phenyl-oxalacetic ester 1 is formed from oxalic 

CO,.C,Hj 

ester, phenyl-acetic ester, and sodium (B. 20, 592). See Phenyl- 
malonic acid. 

C,H,.CH.C0.C0,C,H5 

Phenyl-cyano-pyro-racemlc ester 1 is obtained 

CN 

from oxalic ester, benzyl cyanide, and sodium (A. 271, 172).’ See Phenyl- 
pyro-racemic acid. 

C,H5.CH.C0,H 

Phenyl-aceto-succinic ester 1 is formed from sodium 

CHj.CO.CH.COjH 

aceto-acetic ester and phenyl-bromacetic ester (B. 17, 71). 

C,H5.CH,.CH.C0,H 

Benzyl-aceto-succinic ester results from the 

CHj.CO.CH.COjH 

interaction of sodium aceto-succinic ester and benzyl chloride (B. 
11 , 1058). 

Benzyl-oxalacetic ester an oil, from oxalic ester, 

with hydro-cinnamic ester and Na alcoholate (B. 81, 554). 
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{14) Phenyl-oxy-ketone-dicarboxylic Acids. 


Keto-phenyl-paraoonic ester 


C,H,.CH.CH— CO,C,H. 

i^>co 


(B. 26 , 2144). 


CO O 

a-Benzoyl-S-ehloro-y-valero-Iaetone 1 | , m.p. 

C,H,COCHCH,.CH.CH,Cl 

106°, from Na-benzoyl-acetic ester with epichloro-hydrin, is split up 
by alkali into benzoic acid and y, S-dioxy-valerianic acid, or into CO, 
and benzoyl-butane-dlol C,H 6 .C 0 .CH,.CH,.CH( 0 H).CH, 0 H, m.p. 91“ 
(C. 1901, IL 237). 


(15) Phenyl-paraffin-tricarboxylic Acids. 

Phenyl-carboxyl-succinio aeid, phenyl-ethane-triearboxylie aold. — 

Its ester is formed when phenyl-chloracetic ester acts upon sodium- 
malonic ester (A. 219 , 31). The acid breaks down, on heating, into COj 
and phenyl-succinic acid (B. 23 , R. 573). 

a, jS-Dicyano-jS-phenyl-propionic ethyl ester CeH 5 CH(CN).CH(CN). 
COjCjHfi, m.p. 68°, by condensation of mandelic acid nitrile with 
sodium-cyano-acetic ester (C. 1906, II. 1563). 

a-Phenyl-tricarballyUc acid CeH5CH(C00H).CH(C00H)CHaC00H, 
m.p. 110°, by saponification of the reaction products of KCN and 
phenyl-itaconic acid ester (C. 1903, II. 496). 

Phenyl-butane-tricarboxylie acid ^*^'‘ch(CO*h^ch co trans-form 

(-f JHjO), m.p. 195°; cis-form, m.p. 179°, by saponification, and CO2, 
elimination from the condensation product of cinnamic ester with 
Na-cyano-acetic ester and bromo-acetic ester ; both acids yield the 
same anhydride acid, m.p. 135° (C. 1899, II. 833). The same structure 
is ascribed to the tricarboxylic acid obtained by attaching cinnamic 
acid to succinic acid ester, m.p. 200° with decomposition, which, how- 
ever, has quite different properties (A. 315 , 219). 

p-Ph.ll,l-plm.llii.ft.ace«c .eld O.H),’ ” >>■ 

obtained from the condensation product of cinnamic aldehyde with 
three molecules sodium-malonic ester, by saponification with con- 
centrated HBr (A. 360 , 337). 


(16) Phenyl-keto-tricarboxylic Acids. 

a- and jS-Benzoyl-tricarballyllc acids CeH5.C0.CH(C00H)CH(C00H) 
CHjCOOH and CeH 5 COC(COOH)(CH 2 COOH) 2 . Their esters are 
formed from chloro-succinic ester and benzoyl-acetic ester, or from 
benzoyl-acetic ester with bromo-acetic ester and sodium ethylate (B. 29 , 
R. 788). 

(17) POLYKETO-POLYCARBOXYLIC ACIDS. 

(17) By condensation of benzaldehydes, and substitution benz- 
aldehydes with aceto-acetic esters, and similar substances, in the 
presence of aliphatic amines, several polyketo-polycarboxylic acids 
of the aromatic series have been obtained, which are interesting 
partly by their isomeric forms, and partly on account of their capacity 
for further condensations. It is, however, doubtful whether these 
compounds still contain the open aliphatic chain, or whether they 
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ought to be regarded as cyclic-ketone-alcohol-carboxylic acids of the 
hydro-aromatic series (A. 828 , 83 ; 882 , 22). Benzylidene-bis-aceto- 
acetic ester CeH5CH[CH(C0CH8)C02C2H5]j| (?) is obtained from benz- 
aldehyde with two molecules aceto-acetic ester in three stereo-isomeric 
keto-forms — jS, m.p. 150®; jSj, m.p. 154®; and jSj, m.p. 108®, — which, 
through their sodium salts, can be converted into the keto-enol forms — 
a, m.p. 61° ; aj, liquid ; a^, m.p. 65®-67®. The benzylidene-bis-aceto- 
acetic ester is easily condensed with elimination of HgO to a cyclo- 
hexanone derivative (A. 818 , 129). 

Addendum , — A number of compounds attach themselves to the 
phenyl-poly-alcohols and their oxidation products. They may be 
regarded as derived from the various classes of bodies which have just 
been described, by assuming, in addition to the one aliphatic side 
chain, a second or more groups (mostly carboxyl groups) attached to 
the benzene ring. Most of the bodies belonging here are o-di-deriva- 
tives of benzene, o-phenylene derivatives, obtained in part from 
o-phthalic acid, and in part by the oxidation of derivatives of ortho- 
condensed hydrocarbons — e.g. indene and naphthalene. Mention may 
be made of the subjoined compounds. Some of them are intimately 
related to the dicarboxylic acids, which have been discussed, carr3dng 
the one carboxyl group in the nucleus and the other in the side chain. 

(18) Phenylene-oxy-dicarboxylic Acids. 

o-Carbo-mandelic acid C02H[2lC6H4.CH(0H)C02H decomposes 
readily into water and a lactone-carboxylic acid : 

Phthallde-carboxyllo acid melting at 149°. and 

beyond i 8 o° decomposing into carbon dioxide and phthalide. It is 
formed by the reduction of o-carbo-phenyl-glyoxylic acid (B. 18 , 381; 
81 , 373), or by boiling the co-dibromo-aceto-phenone-o-carboxylic acid 
H02CC6H4C0CHBr2, m.p. 132®, with water (B. 40 , 71), as well as by the 
action of alkali upon tetrachloro-hydrindone (A. 334 , 341). Substituted 
phthalide-carboxylic acids, see A. 296 , 344. 

Acetonyl-phthalide m.p. 68®, from acetone 

wdth phthal-aldehydic acid (C. 1898, II. 980). 

Phthalide-acetic acid melting at 150®, is derived 

from phthalyl-acetic acid by reduction (B. 10 , 1558, 2200). 

Normeconinacetic acid 

228°, results from the action of hydriodic acid upon meconin-acetic 
acid (CHaO)a[5, siCeHaj P,|qq:^q'‘ m.p. 167°. The latter is formed 
in the condensation of opianic acid with medonic acid, glacial acetic acid, 
and sodium acetate (B. 19 , 2295). 

([ilCHa CH.COjH 

Dlhydro-Iso-cumarin-carboxylic acid CoH. ^ 

at 153°, is isomeric with phthalide-acetic acid. It is produced in the 
oxidation of dihydro-naphthol (see this) with potassium permanganate 
(B. 26 , 1841). 

VOL. II. 
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Phthallde-propioiiic acid melting at 140®, 

results from the reduction of phthaJyl-propionic acid (B. 11, 1681). 

( [i]CH(C0,H)0 

o-Phenylene-aceto-glyeol-laotone acid c,h «4 i +iiH,o. 

[ [ 2 ]CH, Co 

m.p. 85®, is obtained from phenylene - diacetic acid, bromine, 
phosphorus, and water (B. 26 , 223). 

r[i]CH(OH).CH.CO,H 


o-Carbo- phenyl -glyceric acid lactone c,: 


l[2]CO- 




m.p. 202®, is produced when jS-naphtho-quinone is oxidised with a 
bleaching-lime solution. When the lactone acid is heated with hydro- 
cliloric acid it loses water and becomes o-carbon-a-oxy-cinnamic acid 
lactone (B. 27 , 198). 


(19) Phenylene-ketone-dicarboxylic Acids. 

o-Carbo-phenyl-glyoxylic acid, phthalonic acid 

m.p. I38®-I40®, is formed in the oxidation of o-hydrindene-carboxylic 
acid (^.v.), naphthalene, a-naphthol, ^-naphthol, and the oxy-quinone 
of jS-phenyl-naphthalene with potassium permanganate (A. 240 , 142 ; 

B. 31 , 369). It yields o-carbo-mandelic acid upon reduction, and also 
homo-phthalic acid. Heating the acid alone gives phthalic anhydride, 
phthal-aldehydic acid, and biphthalyl. Ester and ester acids, see 

C. 1904, 1. 514. 

Trichloro-aceto- benzoic acid ^4^4 m.p. 144°, and 

tribromo-aceto-benzoic acid, m.p. 160®, result when chlorine or bromine, 
in glacial acetic acid, acts upon phthalyl-acetic acid (B. 10 , 1556). 

o-Carbo-benzoyl-acetic acid m.p. 90® with 

V* [2 jCOjxl 

decomposition into carbon dioxide and aceto-phenone-o-carboxylic 
acid, is formed when phthalyl-acetic acid is dissolved in an excess 
of caustic soda and precipitated with acids (B. 10 , 1553). 

co-Cyano-aceto-phenone-o-carboxyllc acid melts at 136® (B. 26 , 

R. 371)- 

Benzoyl-cyano-aeeto-ester-o-earbozylic add 

m.p. 121°, is produced by the action of 
soda upon phthalyl-cyano-acetic ester (B. 26 , R. 370). 

o-Carbo- benzoyl -propionic acid c,H4^WCo.ch,.ch,.co,h p 


137°. The double lactone corresponding to this 

acid, is produced on heating succinic anhydride and phthalic anhydride 
with so^um acetate (B. 11, 16S0 ; 18 , 3119). 


(20) Tri- and Tetracarboxylic Acids. 

Benzyl - malonle - 0 - carboxylic acid, o-carho- benzyl -malonic acid 

down at 190° into hydro-cinnajnic-o- 
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carboxylic acid and CO2. Its diethyl ester results from the reduc- 
tion of phthalyl-malonic ester (A. 242, 37). 

0 -, m-, and p-Xylylene-dimalonie tetra-ethyl esters CeH4[CH2.CH 
(€0202115)2] 2 are produced in the reduction of the three corresponding 
xylylene-dichloro-dimalonic esters C5H4[CH2CC1(C02C2H5) 2].^ which 
are the products of the action of sodium chloro-madonic ester upon the 
a>-xylylene dibromides (B. 21, 31). The xylylene-dimalonic acids 
break down, on heating, into phenylene-dipropionic acids and 2CO2. 

m-Xylylene-diaceto-acetlc ester CeH 4 [i, 3][CH2.CH(C0CH3)C02R]2 

from m-xylylene bromide and Na-aceto -acetic ester (B. 34, 2790). 

(21) OXY-TRI-, TETKA-, AND PENTACARBOXYLIC ACIDS. 

(C[CH^ CO2H], 

Phthalyl-diacetic acid C,H44 . , m.p. 158°, is obtained 

(coo 

from phthalyl-dimalonlc acid f ^ 242, 80). 

(coo 

Phthalide-tricarboxylic acid by condensa- 

tion of pyro-racemic acid and diacetyl-glyoxyhc acid (CH3COO)2CH. 
COOH with alkalies. On boiling with water the acid loses CO2, and 

passes into phthalide-dicarboxylic acid (C0£H),C4Ha<^^^*^0, which, on 
oxidation, prehnitic acid (A. 311, 132). 

(22) Keione-tkicarboxyi ic Acids. 

2, 6 - Dicarbo - phenyl - glyoxylic acid (CO 2 H) 2 [ 2 , bJCeHsCO.COjH, 
melting at 238°, is formed when naphthalic acid is oxidised with KMn04 
(B. 26, 1798). Hydriodic acid and phosphorus reduce it to 2-methyl- 
iso-phthalic acid, and when heated it becomes 2-aldehydo-iso-phthalic 
acid, while more complete oxidation converts it into hemi-mellitic acid 
(B. 29, R. 282). 

Iregenone-di- and tri-carboxylic acids 

C [ 2 jCO.CU,rl 

and CO.H[4]C,H,{gg(CH^).CO,H gg, 2684). 

Mono-nuclear, Aromatic Substances, with Unsaturated Side Chains. 

The benzene derivatives thus far considered contain saturated 
side chainshaving carbon present in them. To these are attached the 
compounds having tmsati^rated side chains — c.g, : 

Phcnyl-ethylcnc, Stvrol . C.H, CH , CH, Phenyl Acetylene . . C,H,C CH 

Cinnamyl Alcohol, Styrone . : CH.CH,OH Phenyl Acetylene Alcohol . C,H,C . C.CH,OH 

Cinnamyl Aldehyde . . C,H,.CH : CH.CIIO Phenyl Acetylene Aldeh\ de C,H,C C.CHO 

Cinnamic Acid . . . C,U,.CH ; CU.CO,U Phenyl Propiohc Acid . C«H,C C.CO,H. 

They can, like the unsaturated aliphatic bodies, be converted 
by numerous additive reactions into saturated compounds, as has 
frequently been shown in the preceding sections. 

la. Olefin-benzenes. 

For the preparation of the olefin-benzols containing the olefin 
linkage in the neighbourhood of the benzene nucleus, the secondan* 
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and tertiary phenyl-alkyl-carbinols are particularly suited, and can 
be easily prepared from the synthetic acidyl-benzols by reduction or 
by the action of magnesium alkyl-iodides. 

These carbinols are (i) made into chlorides by treatment with HCl 
at o®, and HCl is split off from the latter by heating with pyridin : 

CgHjCOCH, ► C,H,CH(0H)CH8 ► C.HjCHClCH, ► C.H.CH : CH,. 

(2) The addition products obtained from acidyl-benzols or benzol- 
carboxylic esters split up on heating with excess of AlkMgl (B. 85 , 

2633. 3506) : 

C.H.CC.CH. C,H.C<g5> C.H.C^™- 

According to the position of the ethylene double linking to the ben- 
zene nucleus we distinguish A^, A*, and A^ olefin-benzols or styrols, 
differing in density, boiling-point, molecular refraction, and heat of 
combustion (B. 36 , 1628, 3584 ; 37 , 2301 ; A. 373 , 288). 

On heating with alcoholic potash, the A^-styrols are converted into 
the isomeric A'-styrols. This is reversible to some extent (C. 1905, II. 
1017). 

Styrol, phenyl-ethylene, vinyl-benzol CgHg.CH : CHj, boiling at 
144®, occurs in storax (1-5 per cent.), from which it is obtained upon 
distillation with water. It also accompanies crude xylene in coal-tar 
(B. 23 , 3169, 3269). It is prepared (i) from chlorethyl-benzol by heat- 
ing with pyridin to 130® (B. 36 , 1632) ; (2) from jS-bromo-hydro- 
cinnamic acid, heated in NaHO, when it splits up cleanly into CO,, 
BrH, and stjTol ; (3) by heating cinnamic acid with lime (B. 23 , 3269) 
or water to 200® ; (4) from phenyl-acetylene by partial reduction with 
zinc and glacial acetic acid or Na and methyl alcohol ; (5) by the con- 
densation of acetylene, CgH,, upon application of heat. (6) From 
vinyl bromide, benzene, and aluminium chlonde (A. 235 , 331). (7) It 

is best obtained from j 5 -bromo-hydro-cinnamic acid, which is immediately 
decomposed by a soda solution into styrol, carbon dioxide, and hydro- 
bromic acid. It is a mobile, strongly refracting liquid, with an agree- 
able odour. Pure styrolene is optically inactive ; its sp. gr. = 0*925 
at o®. 

Hydriodir acid converts styrolene into ethyl-benzene CgHgCgHj ; 
hydrochloric and hydrobromic acids change it to a-haloid ethyl- 
benzenes (B. 26 , 1709), while with chlorine and bromine it yields 
a.jS'di-haloid ethyl-benzenes ; chromic acid or nitric acid oxidises it to 
benzoic acid. 

With x>lene and sulphuric acid, styrol forms jS-phcnyl-a-tolyl-pro- 
pane ; and with phenol, oxy-diphcnyl-ethane (B. 24 , 3889). Nitrous 
acid converts it into styrol-pseudo-nitrosltes CeHj.CjHg.CNjOa) (B. 29 , 
356). It is polymerised to meta-styrol (CsHsln on standing, or in 
sunlight, whence styrol is regenerated by distillation (C. 1899, II, 
1117 ; A. 371 , 259). 

A. Styrols substituted in the Side Chains. — Two series of mono- 
substituted styrols result from the replacement of vinyl-hydrogen. 
They are known as a- and ^-substituted products : 

a-Bromo-styrol CeHj.CBr : CH,. 

(tf-Bromo-styrol CgHg.CH : CHBr. 
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The a-products result on heating styrol chloride (bromide) alone, 
with lime, or with alcoholic potash. They possess a penetrating odour, 
causing tears. They yield aceto-phenone (B. 14, 323) when they are 
heated with water (to 180®) or with sulphuric acid. a-Chloro-styro 
also results from aceto-phenone chloride when it is digested with alco 
holic potash. 

a-Chloro-styrol boils at 190®. 

a-Bromo-styrol „ i5o°-i6o® (75 mm.). 

co-Ghloro-styrol „ 199®. 

co-Bromo-styrol „ 108® (20 mm.). 

The ay-products are derived (along with phenyl-acetaldehyde) from 
the jS-phenyl-a-chloro- (bromo-) lactic acids, upon heating with water. 
a>-Chloro-styrol is obtained also from a>-dichloro-ethyl-benzol with alco- 
holic potash. co-Bromo-styrol is formed from dibromo-hydro-cinnamic 
acid by boiling with water. When they are heated with water, phenyl- 
acetaldehyde results. They are oils having a hyacinth-like odour. 

See, further. Phenyl-acetylene and Phenyl-propiolic acid. 

Sym. dichloro-styrol CjHj.CCl : CHCl boils at 221° (B. 10, 533), 
from phenyl-acyl chloride with PCI5 ; gives diphenyl-pyrazin on heating 
with ammonia (B. 33 , 2654 ; 35 , 2294). 

Dibromo-styrol boils at 253® (B. 17 , R. 22). 

Di-iodo-styrol, phenyl-acetylene di-iodide, m.p. 76®, is obtained from 
phenyl-acetylene and iodine (B. 26, R. 18 ). Td-iodo-styrol, phenyl^ 
tri-iodo-ethylene C^Hg.CI : CIg, m.p. 108 ®, is obtained from phenyl- 
iodo-acetylene and iodine dissolved in CSj (B. 26, R. 19 ). 

Unsym. dichloro-styrol C^HjCH : CClg, b.p. 225®, is found among 
the products of the reaction of chloral upon benzene in presence of ACI3 
(A. 296 , 263 ; C. 1900, II. 326). Trlchloro-styrol C^HgCCl : CClg, b.p. 

235°. 

co-Nltro-styrols generally result from the condensation of benzalde- 
hydes and nitro-methane by means of sodium ethylate or aliphatic 
amines (B. 37 , 4502) ; in the former case there are intermediate pro- 
ducts in the shape of sodium salts of nitro-alcohols C3H5CH(OH)CH : 
NOONa, which easily split off H2O and become a>-nitro-styrols. On 
reduction with A 1 amalgam or zinc dust and acetic acid the nitro-st\ rols 
form aryl-acetaldoximes C3H5CH2.CH : NOH (C. 1902, II. 449). 

a>-Nitro-styrol, phenyl-nitro-ethylene C^Hj.CH : CH(N02), m.p. 58®, 
is obtained by boiling styrol with fuming nitric acid, by condensation 
of bonzaldehyde with nitro-methane CH3(N02) (B. 31,' 656 ; 32 , 1293 ; 
A. 325 , 7), as well as by the action of fuming nitric acid upon phenyl- 
iso-crotonic acid (B. 17 , 413), or by the action of NOg upon cinnamic 
acid, when the dinitro-compound C0H5.C2H2(NO2)2 CO2H, formed at 
first, decomposes (B. 18 , 2438 ; 29 , 357). It possesse'^ a peculiar odour, 
provoking tears, is readily volatilised in aqueous vapour, and forms 
yellow needles. Dilute sulphuric acid decomposes it into benzaldehyde, 
carbon monoxide, and hydroxylamine. It combines with sodium 
methylate, or ethylate, to form sodium salts C3H5CH(OR).CH : NOONa, 
from which CO2 separates out phenyl-methoxy- and ethoxy-nitro- 
ethane in the form of yellowish oils, boiling at 136® and 137® (12 mm.) 
(B. 38 , 466). p-Phenylene-bis-nItro-ethylene is 

obtained from terephthalic aldehyde with nitro-methane (B, 32 , 1295). 
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Phenyl-vinyl-amine, w-amido^styrol C^Hg.CH : CHNHj, is very 
unstable. It is obtained by heating a-amido-cinnamic acid (B. 17 , 
1622), and from co-nitro-styrol (B. 26 , R. 677). 

B. Styrols substituted in the Benzene Nucleus, — ^The three nitro- 
styrols are produced b}^ the action of a cold soda solution upon the 
nitro-phenyl-bromo-lactic acids, or by boiling the jS-lactones of the 
phenyl-bromo-lactic acids with water (B. 16 , 2213 ; 17 , 595). 

0 ^, m-, and p-Nltro-styrols NOaCeH4CH : CHg melt at +13°, —5°, 
and +29®. o-Amldo-styrol is a very unstable, oily body. m-Amldo- 
styrol, b.p. Ii2®“ii5° (12 mm.), is an oil w’hich polymerises with ease. 
m-Axo-styrol melts at 38® (B. 26 , R. 677). p-Amldo-styrol, m.p. 81®, 
is formed on heating p-amido-cinnamic acid, and, together with 
p-amido-cinnamic acid, in the reduction of p-nitro-cinnamic ester 
(B. 15 , 1984). 

C. Styrols substituted both in the benzene nucleus and in the side 
chain PCI5 convert o- and p-nitro-aceto-phenones into liquid, ortho- 
and p-nltro-a-ehloro-styrol NO2.CeH4.CCl : CHj, melting at 63 ® (A. 221, 

329)- 

o-Nltro-co-chloro-styrol NO2.C4H4.CH : CHCl, melting at 58®, is 
obtained from o-nitro-cinnamic acid and hypochlorous acid (B. 17 , 
1070). 

o-Amldo-chloro-styrol, melting at 56®, ^delds indol when it is heated 
to 170° with sodium alcoholate; see also o-oxy-co-chloro-styrol. 0 -, 
m-, and p, co-Dinltro-styrol melt at 107®, 125®, and 199® respectively, 
with decomposition ; see B. 31 , 657, 1294 J C. 1902, 11 . 449. 

D. Homologous Olefin-benzols, — m- and p-Methyl-styrol, vinyl- 
toluols CH3C4H4CH : CH2, b.p. 164® and b.p. 60® ; 4-ethyl-styrol, b.p.go 
86® ; 2, 4, 5- and 2, 4, 6 -trimethyI-styrol, m.p. 118®, b.p. 213® and b.p .14 
92® have been prepared mostly by method i (B. 24, 1332 ; 31, 1007 ; 
35, 2245). For other olefins of the mesitylene series, dimethyl-styrols, 
see B. 37, 924. 

Propenyl-benzol, iso-allyl-benzol C4H5.CH : CHCH3, b.p.^g 74®, from 
a-chloro-propyl-benzol with pyridin, from cinnamic alcohol bv reduc- 
tion with HI, from co-bromo-styrol with CHgMgl, and from a, jS-chloro- 
bromo-propenyl-benzol C4H5CCI . cBrCHg, a transformation product 
of bromo-propionyl-benzol CeHg.COCHBrCHj, by reduction with 
sodium in ether (B. 36 , 3033). 

Allyi-benzol C4H5.CH2.CH2.CH : CH2, b.p. 155®, from benzene-allyl 
iodide and zinc dust (A. 172 , 132) or from C4H5MgBr and allyl bromide 
(C. 1904, II, 1038). 

Iso-propenyl-benzol, metho-vinyUhenzol C4H5C(CH3) : CHg, b.p. 162®, 
from aceto-phenone or benzoic acid ester with excess of magnesium- 
methyl iodide, or from C4H5C(CH3)20MgI with NHj ; similarly, metho- 
propenyl-, metho-butenyl-, and metho-hexenyl-benzols have been pre- 
pared, boiling at 192®, 199®, and 210® (20 mm.) respectively. On the 
elimination of formaldehyde from metho-vinyl-benzol by atmospheric 
oxidation, see C. 1902, II. 1505. Optically active metho-pentenyl- 
benzol, b.p.g ioo®~io3®, [a]D 50*3® (B. 37 , 653). a>-Bromlso-propenyl- 
benzol C4H5C(CH3) : CHBr, b.p., 106®, from dibromo-j 3 -methyl- 
cinnamic acid with NaHO. With alcoholic potash and migration of 
the phenyl group it yields phenyl-alkylene (C. 1907, I. 1201). 

A^Butenyl-benzol C4H5CH2CH : CHCH,, b.p. 176®, 0*8857, 
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Ho I * 5 109, from benzyl^acetone by reduction and dehydration, or by 
reduction of phenyl-butadiene with sodium and alcohol. ,On heating 
to 180° with alcoholic potash it passes into the isomeric A^-butenyl- 
benzol C^HgCH : CH.CH2.CH3, b.p. 189®, Dj* 0*9124, no 1-5414, which 
also results from benzaldehyde treated with propyl-magnesium iodide, 
and which is reduced by nitrogen and alcohol to n-butyl-benzol, in 
contrast with A*-butenyl-benzol (B. 87 , 2310). 

AMso-amenyl-benzol C3H5CH : CH.CH(CH3)2, b.p. 207®. A^-Iso- 
amenyl-benzol C3H5CH2.CH : C(CH3)2, b.p. 205® (B. 87 , 2314). 

lb. Acetylene Benzenes. 

Phenyl-acetylene, acetenyUhenzene, C3H5.C CH, boiling at 139®, is 
produced (i) when a-bromo-styrolene and (2) aceto-phenone chloride 
are heated to 130® with alcoholic potash ; (3) also from phenyl- 
propiolic acid, on heating it with water to 120®, or upon distilling the 
barium or aniline salt (B. 29 , R. 797), or the copper salt with steam 
(A. 842 , 222). Phenyl-acetylene is a liquid with an agreeable odour. 
Like acetylene, it forms a compound with ammoniacal silver solution 
and with a solution of cuprous chloride, phenyl - acetylene - silver 
CgHg.CCAg, white (B. 25 , 1096), and phenyl - acetylene - copper 

C3H5.C C.Cu, light yellow, which dissolves in glacial acetic acid with 
an orange coloration and formation of the very oxidisable double 
salt CgHgC C.Cu, CHjCOOCu, and of diphenyl-butenin (A. 842 , 
193). Phenyl-acetylene-sodium CeHjC CNa is formed by the action 
of sodium upon an ether solution of phenyl-acetylene ; it condenses 
with aldehydes and ketones to phenyl-acetylene alcohols, with formic 
ester to phenyl-acetylene-aldehyde, with homologous acid esters or 
chlorides to phenyl-acetylene-ketones, with chloro-carbonic ester 
to phenyl-propiolic ester, and with CO2 to phenyl-propiolic acid. 
Treated with hydrated sulphuric acid, phenyl-acetylene becomes aceto- 
phenone, and by boiling with acetic acid or alcohol, and zinc dust, it 
becomes styrol, with small quantities of diphenyl-butadiene (B. 
22, 1184). 

Phenyl-chloro-acetylene C3H5C.CCI, b.p.14 74®. Phenyl-bromo- 
acetylene C3H5C . CBr, b.p.jg 96°. Phenyl-iodo-acetylene C3H5C Cl, 
b.p. 22 136®, are converted by sulphuric acid into the corresponding 
phenacyl haloids (B. 26 , R. 20 ; A. 808 , 292). Various aryl-chloro- 
acetylenes are formed from the corresponding a, j3-dichloro-styrols with 
alcoholic potash, while metallic sodium forms aryl-acetylenes (B. 88, 
2654, 3261). 

‘ CH 

o-Nitro-phenyl-aoetylene and p-nltro-phenyl-aeetylene 

melting at 8i®~82® and 152®, are produced on boiling o- and p-nitro- 
phenyl-propiolic acid with water. 

o-Amido-phenyl-acetylene C3H4(NH2)C CH is an oil with an odour 
resembling that of the indigo vat. It is produced in the reduction of 
o-nitro-phenyl-acetylene with zinc dust and ammonia, or with ferrous 
sulphate and potassium hydroxide, and in the decomposition of o-amido- 
phenyl-propiolic acid. 

Phenyl -methyl -acetylene, phmyl-aUylene C^jH^.C ; C.CH,, boilii^ 
at 185®, is produced on boiling phenyl-bromo-propylene with alcoholic 
potash (B. 21 , 276). Phenyl-ethyl-acetylene, boiling at 201®, is 
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obtained from sodium phenyl-acetylide and ethyl iodide, as well as 
from phenyl-iodo-acetylene and zinc ethide. 

Ic. Diolefin-benzols. 

A. p-Divinyl-benzol CeH4(CH : CH2)2 is a liquid with an odour like 
that of petroleum. It is produced when p-di-a-bromo-ethyl-benzol is 
heated with quinolin (B. 27 , 2528). 

B. Phenyl-butadiene CeHgCH : CH.CH : CH*, m.p. -3-5°, b.p.jg 
95°, is formed by the action of excess of methyl-magnesium iodide 
upon cinnamic aldehyde (B. 37 , 2310), from cinnamylidene malonic or 
acetic acid by splitting off CO 2 ; also from the chloride of styryl-methyl- 
carbinol C^HgCH : CH.CHCl.CH3 by boiling with pyridin. It poly- 
merises on standing, and does so rapidly on heating to 150°, forming 
bimolecular bis-diphenyl-butadiene (CioHio)2, b.p.j, 221° (B. 37 , 2272). 
Sodium and alcohol reduce phenyl-butadiene to A^-butenyl-benzol. 
Wth bromine it forms a 1 , 4 -dibromide CeHgCHBrCH : CH.CHaBr, m.p. 
94°, and with 2BV2 a tetrabromide CeHjCHBrCHBr.CHBrCHgBr. The 
dibromide changes with zinc methyl and ethyl into dimethyl and 
diethyl-butenyl-benzol CeH5CH(Alk)CH : CHCHjCAlk). With diazo- 
acetic ester, phenyl-butadiene combines to form styryl-trimethylene- 

carboxylic ester c^HjCH : (B. 37 , 2101). 

An isomeric (?)-phenyl-butadiene and its polymerisation product 
are formed from cinnamenyl-acrylic acid (cinnamylidene-acetic acid) by 
heating with barium hydroxide (B. 35 , 2649, 2696 ; 36 , 1404). 

Phenyl-methyl-butadiSne CeHsCH : CH.C(CH3) : CHg, b.p.32 I24^ 
and phenyl-methyl-pentadi^ne CeH^CH : CH.C(CH3) : CHCH3, b.p.21 
133®, from benzal-acetone, with magnesium methyl and ethyl iodide 
by method 2 (B. 35 , 2651). Phenyl-pentadiene C3H5CH : CH.CH : 
CH.CH3, b.p.ie 116®. Phenyl-hexadltoe CeH^CH : CH.CH : CH.CH2CH3, 
b.p.i3 128®, from cinnamic aldehyde and ethyl- or propyl-magnesium 
iodide respectively (B. 40 , 1768). 

Trimethyl-phenyl-allene CeH5{CH3)C : C : C(CH3)2, b.p.20 108®, a 
strongly refractive liquid with an odour resembling lemon, is formed 
by the action of C^HjMgBr upon mesityl oxide. On oxidation with 
KMnO it 5ields aceto-phenone, and on reduction with Na and alcohol 
A^-hexenyl benzol (B. 37 , 2305). 

Id. Olefin-acetylene-benzols, like iso-propenyl-phenyl-acetylene 
C3H5C C.C(CH3) : CHg, b.p.7 88®, and iso-butenyl-phenyl-acetylene 
C3H5C C.C(CH3) : CH.CHg, b.p., 103®, have been prepared from phenyl- 
acetylene alcohols, by splitting off water with sulphuric acid or potas- 
sium bisulphate (C. 1905, II. 1018). 

11 a. Olefin-phenols. 

Various representatives of this class occur in the vegetable kingdom : 
chavicol, chavibetol, estragol, anethol, eugenol, safrol, asarone, apiol, 
etc. All are phenol-like derivatives of allyl- and iso-allyl- or propenyl- 
benzene. The allyl fatty derivatives occurring in the vegetable kingdom 
were mustard oil (I. 423) and oil of garlic (I. 150). 
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A. Olefin -monoxy- benzols. — 0 - Vinyl - phenol CH, : CH.CeH40H, 
m.p. 29, b.p.jg 108°, smells like phenol, and is formed by slow distillation 
of o-cumaric acid in a vacuum (B. 41 , 367). 

m-Vinyl-phenol CH* : CH.C4H4.OH, b.p. 115® (16 mm.), is obtained 
from m-amido-styrol. 0-, m-, and p-vinyl-anisols CH^ : CH.C4H4.O.CH3 
boiling at 83® (ii mm.), 90° (14 mm.), and 91® (13 mm.) respectively, 
are easily polymerised oils, obtained from the corresponding methoxy- 
aceto-phenones by method i ; the o- and p-derivatives have also been 
obtained from the methoxy-cinnamic acids (B. 11 , 515 ; 36 , 3587). 

o-Oxy-w-chloro-styrol HO[2]C4H4.CH : CHCl, m.p. 54®, is obtained 
from o-amido-a>-chloro-styrol. Caustic potash converts it into cuma- 
rone (q.v.), o-Thlo-oi-chloro-styrol HS.CeH4.CH : CHCl, see Benzo- 
thiophene. 

Allyl- and Propenyl-phenols. — ^A very common property of the 
^lyl-phenols is their rearrangement, induced by hot alcoholic potash, 
into isomeric-propenyl compounds : 

^l^vicol (^UsO C.H. CHj.CH ; CH, ► CHsO.C,H,.CH : CH.CH, Anethol. 

Sno\' (CH30),C.H3.CH..CH : CH.— .. (CHjO.C.Hs.CH : CH CH, 

Safrol (CH,0,)C.H3.CH..CH : CH, *■ (CH.O,)C,H 3 .CH ; CH.CH, Iso-safrol. 

Apiol |cH*ol) CH ; CH, ^ |ch“,o 1) Iso-apiol. 

The propenyl derivatives are distinguished from their allyl deriva- 
tives by higher specific gravities, higher melting-points, and greater 
refractive power (B. 22 , 2747 ; 23 , 862). When the propenyl com- 
pounds are acted upon by nitrous acid, in glacial acetic acid, they yield 
di-iso-nitroso-per oxides, derivatives of a-diketones (see Anethol). The 
allyl- and propenyl-phenols, when carefully oxidised ^ potassium 
permanganate, yield phenol-glycols and phenol-glyoxylic acids ; and, on 
oxidation with ozone, oxy-benzaldehydes and oxy-phenyl-acet- 
aldehydes (B. 41 , 2751). Mercuric acetate oxidises the propenyl com- 
pounds to glycols, with elimination of mercuric acetate. The allyl 
bodies form only addition products, from which the allyl-phenols can 
be regenerated by decomposition with acids or by reduction (B. 36 , 
3577 J 1906, II. 119 ; B. 42 , 1502). By boiling with concentrated 
formic acid the propenyl compounds are resiniticd, while the allyl 
compounds remain unchanged (B. 41 , 2185). The iodo-hydrins of 
the propenyl compounds, on treatment with AgNOg or HgO, form 
aldehydes, with migration of the aromatic residue. ' Thus anethol 
forms p-methoxy-hydratropic aldehyde CH30CeH4CH(CH3)CH0. In 
the dibromides of the propenyl compounds the bromine atom adjoining 
the phenyl group is easily movable ; they can therefore be converted 
into ketones by treatment with two molecules sodium methylate, e.g. 
anethol dibromide into anisoyl-ethyl-ketone. This cannot be done in 
the case of the allyl dibromides. 

Chavicol, p-allyl-phenol CHj : CH.CH2[4]CeH40H, b.p. 237®, 
occurs in the oil obtained from the leaves of Chavica Belle, Also in betel 
oil and ethereal bay oil. It is a colourless oil, with peculiar odour, and 
its aqueous solution is coloured blue by a drop of ferric chloride. 
Methyl-chavicol boils at 215°, and ethyP-chavicol boils at 232® (B. 23 , 862). 

Bstragol, methyl-chavlcol, occurs in tarragon oil and other ethereal 
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oils (B. 27 , R. 46). It boils at 215® (compare B. 27 , R. 46 ; 29 , 544 ; 
C. 1899, L 1196). Synthetically it is formed by the action of allyl 
bromide upon p-methoxy-phenyl-magnesium bromide (C. 1904, II. 
1038). It changes into anethol when heated with alcoholic potash. 

p-Anol, p-propenyUphenol CH3.CH : CH[4]CeH40H, m.p. 92®, is 
prepared by heating anethol with caustic alkali (A. Suppl. 8, 88) ; or, 
S3mthetically, from p-oxy-benzaldehyde and excess of ethyl-magnesium 
bromide (C. 1908, I. 1624). 

Anethol, p-propenyl-anisol CH3.CH : CH[4]C3H4.0.CH3, m.p. 21®, 
and b.p. 232®, occurs in anise oil, from the seed of Pimpindla anisunt, 
in that from the seed of lUicium anisatum, in the fruit of Anethum 
fimiculum, and in fennel and tarragon oils. It is also formed from 
methyl-chavicol (see above). It has been obtained synthetically from 
ethyl Mg iodide and anisaldehyde (B. 37 , 4188) and from jS-p-methoxy- 
phenyl-methacrylic acid by heating ; this would prove that its con- 
stitution is that of p-propenyl-anisol (B. 10 , 1604). Chromic acid 
oxidises it to anisic and acetic acids, while dilute nitric acid changes it 
to anisic aldehyde. Methoxy-phenyl-glyoxylic acid is produced on 
treating it with potassium permanganate ; anisyl-propenyl-glycol on 
treating it with mercuric acetate ; and methoxy-hydratropic aldehyde 
by treatment with iodine and mercuric oxide. With HNO2 it unites 
according to the conditions either to form anethol-pseudo-nitrosite, 
anethol nitrite CH30CeH4CH(N0).CH(N02)CH3, m.p. 121®, or p-meth- 
oxy-phenyl-methyl-glyoxime CH30CfiH4C(N0H)C(N0H)CH3, or its 
peroxide. The anethol nitrite splits off h5rponitrous acid on treatment 
with acetyl chloride or sodium methylate, and becomes j8-nltro- 
anethol CH3OC3H4CH : CH[N02].CH3, m.p. 47®, yellow needles. 

Anethol-nitroso-chloride CH30C3H4CHC1.CH(N0).CH3, m.p. 128® 
(A. 332 , 318). 0- and m-Propenyl-anisol, b.p. 220® and 227® (B. 29 , 
R. 644 ; 36 , 1188). 

0-, m-, and p-iso-propenyl-anlsols boil at 199®, 215®, and 222® respec- 
tively. They are formed from the anisol-carboxylic esters with 
CHjMgl (C. 1904, II. 593 ; 1908, 1 . 1624 ; II. 595). Like the propenyl 
compounds, the iso-propenyl compounds are easily reduced with Na 
and alcohol. On oxidation with KMn04 oxy-aceto-phenones are 
generated. Treated with AgNO, their iodo-hydrins yield ketones, with 
migration of the aromatic residue. 

B. Olefln-dloxy-benzols. — Of this group it is the olefin-3, 4-dioxy- 
benzols which are almost exclusively known. They usually occur, as 
ethers, in plants, or are obtained by the breaking down of plant acids. 

Free vinyl-pyro-catechin (HO)2[3, 4]CeH2CH : CH2 seems to be 
unstable and easily polymerised. Its carbonate C0(02K6H8CH : CH,, 
m.p. 66®, is formed by the dry distillation of 3, 4-dioxy-ben^-malonic 
carbonate (B. 41 , 4153). 

Hesperetol, vinyl-:^, ^-guaiacol ; CH,, m.p. 57 ®* is 

produced in the dry distillation of calcium iso-ferulate (B. 14 , 967). 

Vinyl- 3 , 4 -pyro-eatecliin-methylene ether ^C4H3CH *. CH^b.p.^, 

108®, from piperonal and magnesium-methyl iodide (B. 36 , 3595). 

Anyl- 3 , 4 -pyro-catechln (HO),^, 4]CeH3CH3.CH : CH2. m.p. 49®, 
b.p.4 139®, has been found in the oil of Java betel leaves. It possesses 
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a feeble odour, recalling creosote ; its alcoholic solution is coloured 
deep green by ferric chloride (C. 1907, IL 1741). More frequently the 
ethers of allyl-pyro-catechin are found among the ethereal oils. Of 
these substances, special mention should be made of eugenol and safrol, 
the foundation materials for the artificial production of the perfumes 
vanillin and heliotropin. 

Eugenoly allyl - 4, 3 - guaiacol, eugenic acid, carnation acid 
: CH„ is an aromatic oil, boiling at 247°. 

It is coloured blue by ferric chloride. It occurs in the oil from Eugenia 
caryophyllata, in that from Eugenia pimenta, etc. Sodium amalgam 
reduces coniferyl alcohol to eugenol (B. 9 , 418). Potassium perman- 
ganate oxidises it to vanillin and vanillinic acid. Heated with excess 
of alcoholic potash, it is transposed into the isomeric iso-eugenol. See 

B. 27 , 2455 ; 28 , 2082, for the derivatives of eugenol. 

Chavibetol, betel-phenol, allyl-^, 4-guaiacol „ \ C,Hj.CH,.CH : CH„ 

Cii30[4] J 

boiling at 254°, occurs in the ethereal oil obtained from the leaves of 
Piper Betle {J. pr. Ch. 2, 39 , 349 ; B. 23 , 862). 

Eugenol-methyl ether, allyl-'^, ^-veratrol (CH30)2[3, 4]C3H3.CH2. 
CH : CHg, boiling at 244®, is present in paracoto oil (A. 271 , 304), in 
the ethereal oil from Asarum europcBum (B. 21, 1060), and in hay oil. 
It has been synthetically prepared from pyro-catechol-dimethyl ether, 
allyl iodide, and zinc dust (B. 28 , R. 1055). Chromic acid oxidises it 
to dimethyl-proto-catechuic acid or vetraric acid. It forms iso-eugenol- 
methyl ether when heated with alcoholic potash. It also results when 
sodium eugenol or potassium chavibetol is treated with methyl iodide 
(J. pr. Ch. 2, 39 , 353). 

Safrol, shikimol, allyl - 3, 4 - pyro - catechol - methylene ether 
CH,<^°^ 3 ]|c,Hs.cH,.CH:CH„ melting at 8° and boiling at 232®, is 

present in the oil of Sassafras officinalis and in that of lllicium religiosum 
or Shikimino-ki, Potassium permanganate oxidises it to methylene- 
p, m-dioxy-benzyl-glycol, homo-piperonylic acid and piperonoyl-car- 
boxylic acid, which are further oxidised to piperonal and piperonylic 
acid (B. 24 , 3488 ; 28 , 2088). Nitrosites (see B. 28 , R. 1004). 

PropenyI- 3 , 4 -pyro-catechin, isomeric with allyl-3, 4-pyro-catechin, is 
formed in small quantities by transformation of proto-catechin alde- 
hyde with excess of ethyl-magnesium bromide (C. 1908, I. 1624). The 
propenyl-pyro-catechol ethers : iso-eugenol, iso-eugenol-methyl ether and 
iso-safrol, isomeric with the previously described allyl-pyro-catechol 
ethers, are derived from it. 

Iso-eugenol : CH.CHj, boiling at 260®, is formed 

when homo-ferulic acid is distilled with lime, and upon heating eugenol 
with caustic potash or sodium alcoholate in am}^ alcohol (B. 27 , 2580 ; 

C. 1897, 1 . 384). Synthetically, from vanillin and ethyl-magnesium 
bromide (C. 1908, 1 . 1625). On oxidation it yields vanillin, a reaction 
which is used industrially on a large scale. 

Iso-eugenol-methyl ether, propenyl-^* 4-veratrol, boiling at 263®, 
has been found in the oil of Asarum arifolium, and results upon heating 
eugenol-methyl ether with alcoholic potash (B. 23 , 1165). Also from 
methyl-vanillin and C2H5MgBr (C. 1908, L 1625). Potassium perman- 
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ganate oxidises it to veratroyl-carboxylic acid and veratric acid (B. 24 , 
2877). It yields a glycol, melting at 88®, when it is carefully oxidised. 

Iso-safrol boiling at 249“, is obtained 

from safrol by heating it with alcoholic potash, or with dry sodium 
ethylate. Synthetically, from piperonal and CjHjMgl (C. 1904, 
II. 1566). Potassium permanganate oxidises it to a glycol (B. 86, 
3580), melting at loi®, and piperonoyl-carboxylic acid. Chromic acid 
changes it to piperonal, artificial heliotropine, from which it can be 
again re-formed by condensation with propionic acid, and the splitting 
off of CO 2 from the methylene-homo-caff eic acid which is first pro- 
duced (B. 29 , R. 382). Sodium and alcohol reduce it to dihydro-safrol 
and m-propvl-phenol (B. 23 , 1160). Pseudo-nitrosite, m.p. 128® (A. 882 , 
331 )- 

C. Olefin - trioxy - benzols. — Asarone, propenyl - 2, 4, 5 - tnmethoxy- 
benzene (CH30)3[2, 4, sJCeHj.CH : CH.CHg, melting at 67® and boiling 
at 296®, separates from the ethereal oil of the root of Asarum europceum, 
in which it is present together with terpenes and eugenol. Also from 
calmus oil (B. 35 , 3190), and synthetically from asaryl-aldehyde, pro- 
pionic anhydride, and sodium propionate (B. 82 , 289). 

Potassium permanganate oxidises it to trimethoxy-benzaldehyde 
and a trimethoxy-benzoic acid, which breaks down into COg and oxy- 
hydroquinone-methyl ether when it is distilled with lime (B. 23 , 2294). 

Elemicin, a//y/-3, 4, ^•trimethoxy-benzol (CH30)8[3, 4, 

CH : CHg, b.p.jQ I44®-I47®, is the chief constituent of Manila elemi oil 
(B. 41 , 1768). On oxidation with ozone, it yields trimethyl-homo- 
gallic aldehyde and trimethy 1-homo-gallic acid ; with KMnOi, in acetone 
solution, it forms trimethyl-gallic acid. On heating with alcoholic 
potash it is converted into the corresponding propenyl compound, iso- 
elemicin, b.p.^^ I53°-I56®, which is geometrically isomeric with asarone. 
Iso-elemicin is oxidised by ozone to trimethyl-gallic aldehyde or acid 
(B. 41 , 1918, 2183). 

Myristicin, huienyl - 3, 4, 5 - trioxy - benzol - methyl - methylene ether 
melting at 30®, results upon treating the high-boil- 

(CrljU) J 

ing portions of nutmeg oil and tnaci oil with metallic sodium. It is also 
obtained with apiol from the seed of French parsley (B. 38 , 3451). 
Alcoholic potash transposes it into the propenyl compound iso- 
myristicin, m.p. 45°, which, on oxidation with permanganate, gives a 
methylene-methyl-pyrogallic aldehyde and methylene-methyl-gallic 
acid (B. 86, 3446). Nitrosites, see C. 1905, II. 482. 

D. Olefin >tetraoxy- benzols. — Apiol, allyl-apionol-iimethyl-methyl- 
ene ester (CH30),(CH20,).C,H.CH2.CH : CH,, melting at 30° and boil- 
ing at 294°, occurs in parsley seeds and in Petroselinum sativum. 
Potassium permanganate oxidises it to ethers of a tetraoxy-benzal- 
dehyde and a tetraoxy-benzoic acid. See also Apinol. Boiling alco- 
holic potash changes it to the isomeride isapiol, m.p. 56°, b.p. 304“ (B. 
25 , R. 908). An apiol, b.p. 162° (ii mm.), differing from the preced- 
ing only in the relative position of the methylene and methyl groups, 
occurs in the oil from Anethum graveolens (B. 29 , 1800), in sea-fennel 
oil (C. 1909, II. 1334), and in matico oil together with parsley apiol. By 
alcoholic potash it is converted into the isomeric diUiso-apiol, m.p. 44 , 
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(C. 1904, II. 525) l-Allyl- 2 , 8, 4 , B-tetramethoxy-benzol (CHoO)4 
[2, 3, 4, 5]CeHCH2CH : CHj, m.p. 25°, has been isolated 'from French 
parsley seed. On oxidation with KMn04 it yields tetramethoxy-ben- 
zoic acid (B. 41, 2761). 

lib. Acetylene-anisol CH • CCeH40CH3, b.p.^ 85^-88®, from a, j3- 
dichloro-p-methoxy-styrol with sodium (B. 36 , 915). 

Acetylene-phenetol CH i C.C4H4O.C2H5 (A. 269, 13). 

Ilia. Phenyl-olefin Alcohols with their Oxidation Products. 

The chemistry of the phenyl-olefin alcohols, aldehydes, and ketones 
has not been fully developed. Their phenol-like derivatives will be 
discussed in immediate connection with the most important repre- 
sentatives of the class. The division in detail of the material into poly- 
alcohols and their oxidation products, as was carried out with uni- 
nuclear benzene derivatives having oxygen-containing side chains, is 
not feasible with uni-nuclear benzene derivatives having unsaturated 
oxygen-containing side chains, because, at present, no representatives 
have been prepared of many classes of compounds which can be de- 
duced theoretically. The bodies belonging here will, therefore, be 
introduced at the proper places in connection with the simple phenyl- 
olefin alcohols, and their oxidation products. 

ifl. Phenyl-olefin Alcohols. — ^The two phenyl-vinyl alcohols, 
possible theoretically, are not known, and apparently are incapable 
of existence. The a-haloid styrols become aceto-phenone upon re- 
placing their halogen atom by hydroxjl, while the jS-haloid styrols \'ield 
phenyl-acetaldehyde : 

a-Chloro-styrol CiHj.CCl : CH, — 5*? CjHj.CO CH 3 Aceto-phenone. 

eo-Bromo-styrol C,H,.CH : CHBr ► CH,CHO Phenyl-acetaldehyde. 

However, the corresponding ethyl ethers have been prepared : 

j8-Phenyl-vinyl-methyl ether, bp. 2io°-2i3®, and j8-phenyl-vinyl- 
ethyl ether CeHg.CH : CH.O.CgHg, b.p.24 115°, are formed from w- 
chloro-styrol and from phenyl-acetylene by heating with sodium alcohol- 
ate (A. 308, 270 ; C. 1904, 1. 720). 

a- Phenyl- vinyl-methyl ether C4H5C(O.CH3) : CHg, b.p. 197®, from 
jS-methoxy-cinnamic acid. 

a-Phenyl-vinyl-ethyl ether CeH^CpCjHg) : CHg, b.p. 209®, is ob- 
tained by splitting off alcohol from aceto-phenone-acetal, with heat, 
and is rearranged, by heating under pressure, into isomeric phenyl 
ethyl ketone (B. 29, 2931). By saponification these ethers are con- 
verted into phenyl-acetaldehyde and aceto-phenone (C. 1904, 1. 719). 

]6-Phenyl-vinyl-phenyl ether C4H5CH : CH.O.CeH^, b.p., 158®, by 
distillation of a-phenoxy-cinnamic acid. On heating with alcoholic 
potash to about 200®, the phenol residue is displaced, and, among other 
products, ^-phenyl- vinyl-ethyl ether is formed (B. 38 , 1962). 

Cinnamyl alcohol, styrone, %^-phenyl-allyl alcohol C4H5.CH : CH 
CHjOH, m.p. 33® and b.p. 250®, occurs as cinnamic ester in liquid 
storax, the sap of the Liquidambar orientalis tree, found in the south- 
western portion of Asia Minor. It is prepared artificially by reduction 
of cinnamic aldehyde diacetate (C. 1905, 11. 672). When oxidised it 
becomes cinnamic aldehyde, cinnamic acid, and benzoic acid ; see 
also Stycerine. Styryl-amine CeHj.CH : CH.CHjNII,. b.p. 236® (B. 26 , 



414 


ORGANIC CHEMISTRY 


1858 ; C. 1906, II. 1420). Styiyl-iso-eyanate C,HjCH : CH.NCO, b.p.i, 
107", see C. 190Q, I. 1655. a-Phenyl-allyl alcohol C,H5CH(OH).CH : 
CH„ b.p.„ 114°, from phenyl-magnesium bromide and acrolein (B. 
39 , 2554). 

Styryl-methyl-carbinol, y-phenyl-a-methyl-allyl alcohol CeH^.CH : 
CHCH(CH3)0H. b.p.21 144°, from cinnamic aldehyde, with magnesium- 
methyl iodide (B. 35 , 2649, 31^6). 

lb, Oxy-phenyl-olefin Alcohols. — jS-Anisyl-jS-methyl- vinyl alcohol 

CH30C3H4C(CH3) : CHOH, m.p. 79®, b.p.14 175°, is formed from 
estragol di bromide b}^ successive treatment with potassium acetate 
and ^coholic potash, with simultaneous molecular transposition (C. 
1907, II. 1910) : 

I CH.OC^U^CU^CUBt.CU^Bt CH 80 C«H 4 C(CHs) : CHOH 

i CH30C3H4CH3CH(0C0CH3).CH2Br ^ CH 30 CeH 4 CH(CH 3 ).CH 0 . 


On distillation at ordinary pressures, and under the influence of 
acids, the alcohol transposes into p-methoxy-hydratropic aldehyde. 
With sodium methylate, and dimethyl sulphate, the corresponding 
methyl ether is formed, b.p. 262°, which is also obtained from anethol- 
mcthyl-iodo-hvdrin by treatment with HgO, with migration of the 
aromatic residue (C. 1907, 11 . 1789) : 


CH30C4H4CH(0CH3).CHI.CH3 ► CH30CeH4(CH3) : CHOCH3. 


Cumarone is the inner anhydride of o-oxy- 

phenyl-\dnyl alcohol. It will be described later under the heterocyclic 
compounds. 

Glyco-o-cumaro-alcohol C3H11O5.O.C4H4.CH : CH.CHgOH, m.p. 
115®, has been formed from glyco-o-rumaraldehyde (see below). 

Sec. methyl- o-cumaro -alcohol HO.C3H4.CH : CH.CH(OH)CH3, 
m.p. 47®. See Methyl-o-cumaro-keione. 

Tertiary dimethyl - and diethyl - 0 - cumaro - alcohol anhydride 




from cumarin with 


rCH:CH 

magnesium-methyl, and ethyl, iodides (B. 87 , 494). 

Coniferyl alcohol, m-meihoxy-p-oxy-styrone : CH. 

C/rl3UL3J j 

CHjOH, melting at 73®, is formed from coniferin (q.v.), which emulsin 
decomposes into glucoses and coniferyl alcohol. Vanillin results from 
its oxidation, and eugenol from its reduction. 


Cubebin CH,<^Q^j^c,H8.CH : CH.CH.OH, melting at 125®, is found 

in cubebs, the fruits of Piper cubeba. 

1C, Phenyl-acetylene alcohols are formed by the condensation of 
sodium-phenyl-acetylene, in ethereal suspension, with trioxy-methylene, 
and the homologous aldehydes, or by the action of caustic alkali upon 
a mixture of ketones, with phenyl-acetylene. Also from phenyl-pro- 
pargyl-aldeh3^de, and phenyl-acetylene ketones, with alkyl-magnesium 
haloids: phenyl-acetylene alcohol C3H5C : CCH^OH, b.p.j® 139°; 
phenyl-acetylene-methyl-carbinol C3H5C C.CH(OH)CH3, b.p. 33 149®; 
phenyl-acetylene-dlmethyl-carbinol C3H5C C(OH)(CH3)2, m.p. 53®; 
nenanthylidene-pbenyl-carbinol CH8[CHJ4C ; CCH(OH)C3H5, b.p j3 
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181°, from sodium-oenanthylidene with benzaldehyde (B. 39 , 2594 ; 
€.1901,11.25; 1902,1.619,1319; 1905,11.1018; 1907,1.561). 

2a. Phenyl-olefln Aldehydes. — Cinnamic aldehyde, ^-pkenyl-acroletn 
CjHj.CH ; CH.CHO, boiling at 247®, forms the chief constituent of 
cinnamon oil from Cinnatnomutn ceylanicum, and the oil from Persea 
Cassia, from which it can be extracted with acid sodium sulphite. The 
first product is the double derivative CjHj.CH : CH.CH(0H)S03K, 
which combines with a second molecule of mono-potassium sulphite 
to yield C,H5.CHS03K.CH,.CH(0H).S03K-f 2H3O, which dissolves 
with difficulty (B. 24 , 1805 ; 81 , 3301). 

The aldehyde results from the oxidation of cinnamyl alcohol, in the 
dry distillation of a mixture of the lime salts of cinnamic and formic 
acids, and by the action of hydrochloric acid gas or sodium hydrate 
(B. 17 , 2117), or sodium ethylate (B. 20 , 657) upon a mixture of bcnz- 
^dehyde and acetaldehyde. 

Cinnamic aldehyde is a colourless, aromatic oil, which distils readily 
in aqueous vapour. When exposed to the air it oxidises to cinnamic 
acid. It adds chlorine and bromine veiy readily. The dihaloid ad- 
dition products change with ease into a-monochloro- and a-mono- 
bromo-cinnamic aldehydes C,Hs.CH : CX.CHO, melting at 35° and 72° 
(B. 24 , 246). 

Cinnamic aidehyde chioride CjHjCH : CH.CHCI3, m.p. 54°, b.p.jo 
143°, behaves like an acid chloride, but combines with chlorine to the 
phenyl-tetraehloro-propane CjHjCHCl.CHCl.CHClj, which is stable in 
water (C. 1903, I. 457, 1344). 

a and ^-Trithio-cinnamic aldehyde melt at 167® and 213® (B. 24 , 

1452). 

Hydro>cinnamide (C9Hg)3N3 melts at 106®, or at 131 ° when anhj drous 
(C. 1898, I. 181). 

Cinnamic aldehyde-phenyl-hydrazone CjHj.CH : CH.CH(N3H.C3H5) 
melts at 168°. The syn-oxime melts at 138-5®. 

Iso-quinolin is produced when the latter is heated with P3O5 (B. 27 , 
2795). By the action of nitrous gases upon cinnamic aldehyde the chief 

product obtained is phenyl-nitro-isoxazol O.N : C{C8Hj.)C(N03) : cri 
(A. 828 , 196). 

Nitro-cinnamic aldehydes are obtained from the aldeh3'des of the 
nitro-phenyl-lactic acids, o-, m-, and p-Nitro-cinnamic aldehydes 
melt at 127®, 116°, and 141® (B. 18, 2335). 

a-Methyl-cinnamie aldehyde C,Hj.CH : C(CH3)CHO (B. 19 , 526, 
1248). 

y-Benzyl-crotonic aldehyde (pheno-pentenal) CjHjCHjCHgCH : 
CHCHO, b.p •18 from hydro-cinnamic aldehyde with acetaldehyde 
(B. 81 , 1993). 

2b. Oxy-phenyl-olefln Aldehydes.— o-Cumailc aldehyde, o-oxy 
cinnamic aldehyde HO[2]C,H4.CH ; CH.CHO, melting at 133°, is pro- 
duced by the action of emffisin upon glyco-o-cttmaric aldehyde CjHiiOg. 
O.CjHg.CH : CH.CHO, melting at 199®, the condensation product of 
heUcin (q.v.) and acetaldehyde (B. 20 , 1931). It occurs as methyl ether 
in the oil of cassia (B. 28 , R. 386). 

p-Methoxy-cinnamic aldehyde, b.p.jg 170®, has been found in tarra- 
gon oil (C. 1908, 1 . 1057), 
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m- and p-Oxy-cinnamio-aldehyde-o-acetie aeld COOH.CH.O.CmH.. 
CH : CH.CHO (B. 19 , 3049). 

Piperonyl-acroleln (CHjO,)^, 4]CeH8CH : CH.CHO, melting at 
70®, is obtained from piperond, acetaldehyde, and sodium hydroxide 
(B. 27 , 2958) ; see Piperic acid. 

3. Phenyl-diolefln Aldehydes. — o-Nitro-cinnamylidene-acetaldehyde 

NO2C8H4.CH : CH.CH : CH.CHO melts at 153® (B. 17 , 2026). 

4a. Phenyl-olefin Ketones. — The phenyl-olefin ketones are readily 
obtained by the condensation of aromatic aldehydes with aliphatic 
ketones, which, besides carbonyl, contain CHg or CHgR groups ; from 
mixed ketones, phenyl-olefin ketones, with normal C-chains, are 
usually obtained on using NaHO as means of condensation, whereas 
HCl gives a branched chain (cp. B. 35 , 3088, 3549). Excess of benz- 
aldehyde yields dibenzylidene ketones : 

C*H,CH : CHCOCH3 CHaCOCHg ► CeH^CH : CHCOCH : CHC.H,. 

Bensal-acetone, bcnzylidene - acetone, styryl - methyl - ketone C^Hg. 
CH : CH.CO.CH3, melting at 41® and boiling at 262®, is produced in 
the distillation of calcium cinnamate and acetate, as well as in the 
condensation of benzaldehyde and acetone with dilute sodium 
hydroxide (A. 223 , 139). Also in small quantities by the action of 
CHgMgl upon cinnamic acid nitrite (C. 1906, II. 48). 

It dissolves with an orange-red colour in sulphuric aid. With 
mercaptans, it combines to form mercaptols, which add a third molecule 
of mercaptan to the olefin linkage CeH5CH(SR)CH2C(SR)2CH3 (B. 35 , 
804). 

With alcoholic (NH4)2S it gives a dimeric benzal-thio-acetonc 
(C,oHxoS)j, m p. 132®, which, with water, acids, and salts, gives well- 
crystallised addition compounds (B 40 , 2982). 

Benzal-acetone-phenyl-hydrazone, m.p. 156®, easily transposes into 

l, 6-diphenyl-3-methyl-pyrazolin (B. 20 , 1099). Oxime, m.p. 115® 
(B. 20 , 923). On boiling with sodium hypochlorite, benzal-acetone is 
broken up into chloroform and cinnamic acid. On reduction, we get 
benzyl-acetone and, by the junction of two molecules of the olefin 
ketone, diphenyl -octadiones. Similar behaviour is shown by the 
homologues of benzal-acetone, on its reduction (B. 35 , 968, 3089). 
Benzal-acetoxime is reduced by Na and alcohol to l-phenyl-3-amino- 
butane rjr5CH2CH2CH(NH2)CH3, by zinc dust and glacial acetic acid, 
only, to i-phenyl-3-amino-butene C3H5CH : CHCH(NH2)CH3 (B. 36 , 
2997) ; the latter is split up by ozone into benzaldehyde and a-amido- 
propionic aldehyde (B. 37 , 615). 

0- and p-Nitro-benzal-acetone, formed by nitrifying benzal-acetone, 
melt at 60® and no® respectively. The o-body passes readily into 
indigo. a-Methyl-quinaldin results from it by reduction. Water is 
simultaneously liberated. 

p-Amido-benzal-acetone, m.p. 8i®,p-dimethyl-amldo-benzal-acetone, 

m. p. 132®, by condensation of amido- and dimethyl-amido-benzalde- 
hyde respectively with acetone. Its red and yellow chloride solutions 
colour wool, silk, and tanned cotton an orange yellow (C. 1906, II. 1324). 

a- and y-Benzylidene-methyl-ethyl-ketone C^HjCH : CHCOCjHj, 
m.p. 39®, b.p.j2 142°, and CgHgCH : C(CH3)COCH8, m.p. 38®, b.p.n 
i27®-i3o®, and a- and y-benzylidene-methyl-propyl-ketone CeHjCH : 
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CHCOC3H7, b.p.^o 155". and CeH^CH : C(C^ll,)COCH^, b-p.^^ I20°~ 
130®, with benzaldehyde and methyl-ethyl- and methyl-pfopyl-ketone 
respectively, by means of NaHO and HCl respectively. From benz- 
aldehyde and phenoxy-acetone both NaHO and HCl give : 

a-Benzylidene-phenoxy-acetone CeHgCH : C(OC3H6)COCH3, m.p. 
102®, which is reduced by alkaline hypochlorite to a-phenoxy-cinnamic 
acid (B. 85 , 3549). 

Cuminal-acetone (A. 228 , 147). Benzal-pinacolln C3H5CH : CH. 
C0C(CH3)3, f>-P-26 I54°» benzaldehyde and pinacolin ; 

it adds malonic acid ester with formation of S, y-ketonic acid (B. 
80 , 2268). 

Phenyl-vinyl-ketone C3H5COCH : CHj, b.p.j,, 115°, a colourless oil 
of penetrating odour, formed by the action of alcoholic KI solution 
upon a, j 3 -dibromo-propio-phenone, and by distillation of triphenacyl- 
methyl-amino-chlorohydrate with steam (B. 39 , 2187). It easily 
polymerises in sunlight or on heating. AICI3 converts it into the iso- 
meric a-hydrindone. With HCl, alcohol, and sodium bisulphite it 
easily combines, with dissolution of the double linkage ; with phenyl- 
hydrazin it forms i, 3-diphenyl-pyrazolin (C. 1910, I. 434). 

Phenyl-propenyl-ketone CeH5COCH : CH.CH3, b.p.^o 135°, is also 
formed from crotonyl chloride, benzene, and AICI3. 

Allyl - aceto - phenone C3H5.CO.CH2.CH2.CH : CHg, from allyl- 
benzoyl-acetic acid (B. 16 , 2132), boils at 

4b. Oxy-phenyl-olefin Ketones. — o-Oxy-benzal-acetone, methyl-o- 
ctitnaro-keione HO.C3H4.CH : CH.CO.CH3, m.p. 139°, is obtained from 
salicyl-aldehyde, and also by the action of emulsin upon gluco-methyl-0- 
cumaro-ketone C3H11O5.O.C3H4.CH4 : CH.COCH3, melting at 192®. The 
latter compound is a condensation product of helicin (q.v.) and acetone 
(B. 24 , 3180). p-Oxy-benzal-acetone, m.p. 103°, from p-oxy-benz- 
aldohydo, acetone, and HCl, besides the P2-dioxy-dibenzal-acetone 
occurring as a chief product (B. 36 , 134) ; 0-, m- and p-oxy-benzal- 
acetone-o-acetic acid, m.p. 108®, 122®, and 177® (B. 19 , 3056). Piper- 
onylidene acetone CH2O2C3H3CH : CHCOCH3, m.p. 96® (B. 28 , 
R. 1009). 

5. Phenyl-acetylene Aldehydes. — Phenyl-propargyl aldehyde C3H5C 
C.CHO, b.p.gg 128°, from sodium-phenyl-acetylide with formic acid in 
ether (C. 1903, II. 569), or, better, from its acetal, easily obtained from 
a-bromo-cinnamic-aldehyde-acetal, by treating it with dilute mineral 
acids, is split up by aqueous alkalies, in the cold, into phenyl-acetylene 
and formic acid. Its oxime C3H5CC.CH : NOH, m.p. 108®, is iso- 
niorised by aqueous alkali to phenyl-isoxazol, and by sodium ethylate 
further to co-cyanaceto-phenone C3H5CH2.CO.CN (B. 36 , 3670). 

6. Phenyl-acetylene Ketones are obtained synthetically from sodium- 
phenyl-acetylide, with acid esters, chlorides, and anhydrides (C. 1900, 
I. 1290 ; 11 . 1231 ; 1902, L 404). Acetyl-phenyl-acetylene C3H5C 
CCOCH3, b.p.22 130°, gives, with H2SO4, benzoyl-acetone, and is split 
up by iCHO into phenyl-acetylene and acetic acid. Butyryl-phenyl- 
acetylene C3H7COC CC3H5, b.p.^ 136®. Benzoyl-amyl-acetylene C3H5 
COC CC5H11, b.p.ie 178®, from sodium-oenanthylidene with benzoyl 
chloride, gives, with dilute sulphuric acid, benzoyl-caproyl-methane. 

7. Phenyl - dlolefin Ketones. — Cinnamyl - acetone CgHg.CH : CH. 
CH : CH.CO.CH3, m.p. 68®, results from the condensation of cinnamic 
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aldehyde and acetone. Its oxime yields a pjnridine derivative upon 
dry distillation (B, 29 , 613). Piperonylene-acetone (CHaOjjCeHj.CH : 
CH.CH : CH.CO.CH3, m.p. 89® (B. 28 , 1193). Benzal-mesityl oxide 
C3H5.CH : CH.CO.CH : C(CH3)3, b.p. 178® (14 mm.) (B. 14 , 351). 
Plperonylene-acetone (CHjOajfCeHa.CH : CH.CH : CH.CO.CH3 melts at 
89® (B. 28 , 1193). 

8. Phenyl-olefln-carboxylle Acids. — These acids arrange themselves 
in two distinct classes. The one class is derived from a saturated acid, 
by substituting an unsaturated side chain for hydrogen attached to 
the benzene nucleus — e.g. vinyl-benzoic acid. The second class com- 
prises the phenylated olefin-monocarboxylic acids. 

A. Phenyl-olefin-carboxyllc acids {having their CO2H group attached 
to the nucleus). 

o-Vlnyl-benzolc acid CHj : CH[2[C3H4.C02H. o-Vinyl-benzoic acids, 
chlorinated in the vinyl residue, and also in the benzene residue, have 
been obtained by the decomposition of chlorinated hydrindene and 
naphtho-quinone derivatives (B. 27 , 2761 ; A. 275 , 347). 

m-Vlnyl-benzolc acid, m.p. 95®, is formed from m-amido-styrol 
(B. 26 , R. 677). 0-, m-, and p-Propenyl-benzoic acids CH2 : C(CH3). 
C3H4.CO2H, m.p. 60°, 99®, and 161® (A. 219 , 270 ; 248 , 64 ; 275 , 160). 

o-Vinyl-phenyl-acetlc acid CH2 : CH.CeH4.CH2.CO2H. Derivatives 
of this acid, chlorinated in the vinyl residue, have also been obtained 
by the breaking down of chlorinated keto-hydro-naphthalenes (B. 
21, 3555 )- 

B. Phenyl-olefin-carboxylic acids {with the carboxyl group in the 
unsaturated aliphatic side chain). 

The true phenyl-olefin-monocarboxylic acids may be obtained by 
the oxidation of corresponding alcohols and aldehydes, as well as, by 
similar methods, from the phenyl-paraffin-monocarboxylic acids or 
fatty acids. The nuclear-synthetic method, however, is far more 
important. It consists in the action of the sodium salt, and the 
anhydride of a fatty acid, upon an aromatic aldehyde (Perkin’s reaction). 

History. — As early as the year 1856 Bertagnini found that cinnamic 
acid w’as formed upon heating benzaldehyde with acetyl chloride. 
In 1865 W. H. Perkin, sen., synthesised cumarin, the lactone of 
o-oxy-cinnamic acid, by heating sodium salicyl-aldehyde with acetic 
anhydride. In 1875 Perkin gave this reaction an entirely different 
aspect by allowing sodium acetate and acetic anhydride to act upon 
salicyl-aldehyde. In this modified form the reaction acquired more 
general application. 

Many chemists have assisted in the amplification of the Perkin 
reaction, which in consequence has become one of the most fruitful 
synthetic methods. 

The course of the reaction has been made clear by the researches 
of V. Baeyer and O. R. Jackson, Conrad and Bischoff, Oglialoro, and 
especially by those of Fittig and his students, Jayne and Slocum 
(A. 215 , 97, 116 ; 227 , 48) : 

(1) In tbe condensation of aromatic aldehydes and fatty acids the 
carbon atom, combined with the carboxyl group, unites with the carbon 
of the aldehyde group. 

(2) It is doubtful whether the reaction takes place between the 
aldehyde and the Na salt, or the anhydride of the fatty acid, since. 
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on using a mixture of anhydride and Na salt of two different acids, 
we obtain various mixtures of the two possible phenyl-olefin-carboxylic 
acids, according to circumstances ; cp. B. 34 , 918. 

(3) The condensation proceeds in two stages : (a) the union of the 
aldehyde and the sodium salt, as in the formation of aldol, with the 
production of the j8-oxy-acid ; (6) the exit of water from the jS-oxy- 
acid, resulting in the formation of the olefin-carboxylic acid. In 
many instances the reaction was arrested in the first stage : 

(a) CeHg.CHO+CHa.COaH ► CeH5.CH(0H).CH2.C02H. 

(b) C,H,.CH(OH)CH,.CO,H C.Hj.CH : CH.CO,H. 

A second nucleus-synthetic method for the preparation of phenyl- 
olefin-carboxylic acids consists in the condensation of benzaldehydes 
with fatty-acid esters by means of sodium ethylate or metallic sodium 
(Claisen, B. 28 , 976) : 

C,H5.CH0+CH3.C0.0.C,H5 CeHj.CH : CH.COj.CgH,. 

Phenyl-acrylic Acids. — According to the structural theory there 
are two possible isomerides, the a- and j5-acids, which are also known 
in cinnamic and atropic acids : 

/3-Phenvl-acrylic acid, r u ru . ru rr^ « a-Phcnyl acrylic acid, p „ 

annamic acid, atropic acid, 

Cinnamic acid, ^•phenyl-acrylic acid, acidum cinnamylicum C^H^. 
CH : CH.COjH, melting at 133® and boiling at 300®, occurs in Peru 
and tolu balsams, in storax, and in some benzoin resins ; also, together 
with a- and jS-truxillic acids, the natural iso-cinnamic and allo-cinnamic 
acids, in the decomposition products of the associated alkaloids of 
cocain. 

Formation. — It is produced (i) by the oxidation of its alcohol and 
its aldehyde ; (2) by the reduction of phenyl-propiolic acid with zinc 
dust and glacial acetic acid (B. 22 , 1181) ; (3) nuclear synthesis — from 
benzaldehyde ; (a) with sodium acetate and acetic anhydride, (b) with 
acetic ester and sodium ethylate (see above) ; (4) upon heating benzyl 
chloride with sodium acetate. The latter reaction serves for the 
commercial preparation of cinnamic acid (B. 15 , 969) ; (5) by heating 
benzal-malonic acid ; (6) its phenyl ester is produced w'hen phenyl- 
fumaric ester is heated ; (7) by splitting off water from S5mthetic 
j8-phenyl-hydracrylic acid. 

Properties and Behaviour. — Cinnamic acid crystallises from hot 
water in fine needles, from alcohol in thick prisms. It is soluble in 
3500 parts of water at 17®, and readily in hot water. It may be purified 
by distillation under greatly reduced pressure, or by crystallisation 
from petroleum benzin (A. 188 , 194). 

Ferric chloride produces a yellow^ precipitate in solutions of the 
cinnamates. 

Nitric acid and chromic acid oxidise it to benzaldehyde and benzoic 
acid. It is converted into phenjd-glyceric acid by potassium perman- 
ganate. Fusion with caustic potash decomposes it into benzoic and 
acetic acids. 

Being an unsaturated acid, cinnamic acid can readily take up 
hydrogen, hydrogen bromide, hydrogen iodide, bromine, chlorine, and 
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hypochlorous acid, witli the production of hydro-cinnamic acid, 
j 3 -bromo-, jS-iodo-hydro-cinnamic acid, phenyl-a, j 3 -dichloro-, a, j8-di- 
bromo-propionic acid, or cinnamic acid dichloride, cinnamic acid 
dibromide, and ^-phenyl-a-chloro-lactic acid. 

Cinnamic Acid Derivatives. — Methyl ester melts at 33® and boils at 
263°. It is contained in some Alpinia varieties. Ethyl ester boils at 
271°. Phenyl ester melts at 72° and boils at 206® (15 mm.) ; sec Cin- 
namic acid. Pyro-eatechol ester melts at 129® (B. 11 , 1220 ; 18 , 1945 ; 
25 , 3533). Benzyl ester, m.p. 30®, also found in the oil of Peruvian 
balsam (B. 2 , 180). 

Styryl ester, styracin, melts at 14®. The chloride melts at 35® and 
boils at 154® (25 mm.). The anhydride melts at 130® (B. 27 , 284). 
The amide melts at 141®. The anilide melts at 151®. The nitrile melts 
at II® and boils at 254® (B. 15 , 2544 ; 27 , R. 262). 

Unstable and Polymeric Modifications of Cinnamic Acid. — As in the 
jS-alkyl-acrylic acids (Vol. I.), so also in the j8-phcnyl-acrylic acids, 
besides the ordinary stable forms, the corresponding unstable stereo- 
isomeric forms have been discovered, and have been termed “ allo- 
cinnamic acids. Allo-cinnamic acid itself has the noteworthy pro- 
perty of being able to occur in three crystalline forms which are chemi- 
cally identical but structurally different. These can be converted 
into one another by the simple process of melting or crystallisation 
(Biilmann, B. 42 , 182, 1443). 

The modification, m.p. 42®, formerly called Erlenmeyers iso-cin- 
namic acid, is the most unstable, much more so than the modification 
melting at 58® (formerly Liebermann's iso-cinnamic acid), and the modi- 
fication melting at 168® (formerly Liebermann's allo-ctnnamic acid). 

But it is the acid which, with certain precautions, can always be 
obtained from the mixture of the thre^e liquid acids, or of the three 
acids, in solution, on precipitation with acid (B. 42 , 4659 ; 43 , 411). 
In all reactions which give rise to allo-cinnamic acid it is the primary 
product, but it is extremely easily transformed into the other acids, 
especially the stable acid melting at 68®, on contact with the slightest 
traces of crystals of the other acids. Allo-cinnamic acid is obtained 
in one or other of its three forms (i) by semi-reduction of phenyl- 
propiolic acid with hydrogen and colloidal palladium (B. 42 , 3930) ; 
(2) by reduction of allo-a- and allo-^-bromo-cinnamic acid with zinc 
dust in an alcoholic solution ; (3) by the action of ultra-violet light 
upon an alcoholic solution of ordinary cinnamic acid (B. 42 , 4869) ; (4) 
by heating benzal-malonic acid, whereby also much ordinary cinnamic 
acid is formed. 

The acid melting at 58® was first discovered in the acids resulting 
from the breaking up of the secondary cocain alkaloids, together with 
ordinary cinnamic acid. 

Allo-cinnamic acid, m.p. 68®, forms an aniline salt, m.p. 83®, 
sparsely soluble in ligroin. With chlorine and bromine it yields 
addition products differing from cinnamic dichloride and allo-cinnamic 
acid dibromide. 

On distillation at ordinary pressure by concentrated sulphuric acid 
and by illumination in benzene solution with the addition of a little 
iodine, allo-cinnamic acid is converted into ordinary cinnamic acid 
(B. 28 , 1446). On oxidation with potassium permanganate it forms 
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phenyl-glyceric acid melting at 21°. On treating with fuming 
sulphuric acid it splits off water and easily polymerises, into truxone, 
in contrast with ordinary cinnamic acid (B. 81 , 2095). On account of 
this behaviour, but especially of their generation from phenyl-propiolic 
acid and jS-bromallo-cinnamic acid respectively, allo-cinnamic acid is 
regarded as the maleinoid or cis-form, and ordinary cinnamic acid as 
the fumaroid or trans-iorm, of )S-phenyl-acrylic acid : 

H— C— C.Hj H— C— CeHj 

II II 

HO,C— C— H H— C— CO2H 

Ordinary cinnamic acid Allo-cinnamic acid. 

This view agrees with the behaviour of the oxy-cinnamic acids, 
in which the spatial configuration can be deduced from the more or 
less marked tendency towards splitting off HgO. It is also confirmed 
by the power of allo-cinnamic acid, in contrast with cinnamic acid, 
to form with mercuric salts an additive compound of the formula 

Ct.H5CH(OH)CHHg.COO, a power which, according to observations 
with other cis-trans-isomeric olefin-dicarboxylic acids, can only be 
ascribed to the maleinoid forms (B. 43 , 568). 

By the action of light, in the solid condition cinnamic acid is poly- 
merised into the so-called a-truxillic acid (CeH5C2H2COOH)2 (B. 35 , 
2908, 4128), also found in the secondary alk^oids of cocain together 
with jS, y, and 8-truxillic acid. On distillation these acids are split up 
into ordinary cinnamic acids. They are, perhaps, diphenyl-tetra- 
methylene-dicarboxylic acids. As the heat of combustion is unchanged, 
the transformation of cinnamic into truxillic acid involves no change 
of energy, which is noteworthy (Z. physik. Ch. 48 , 345). 

Haloid Cinnamic Acids substituted in the Side Chain. — (a) Phenyl- 
monohaloid-acrylic Acids. — The structural theory provides for two 
isomeric monochloro-acrylic acids, but there are really two modifica- 
tions for each of these structural isomerides. It is customary to dis- 
tinguish them as a- and jS-chloro-cinnamic acid and allo-a- and allo- 
jS-ch loro-cinnamic acid (B. 22 , R. 741 ; A. 287 , i). 

a-Chloro-cinnamic acid CeHg.CH : CCI.CO2H, m.p. 137°, is formed 
(i) by the action of alcoholic potash or phenyl-a-, j3-dichloro-propionic 
acid ; (2) from benzaldehyde, sodium monochloro-acetate, and acetic 
anhydride ; (3) from phenyl-a-chloro-lactic acid, by means of acetic 
anhydride, and sodium acetate ; (4) by the action of CrOjupon aldehyde 
(B. 24 , 249). 

Allo-a-chloro-cinnamic acid, m.p. iii°, is produced, together with 
a-chloro-cinnamic acid, according to method i. 

)3-Chloro-cinnamic acid CeHj.CCl : CH.COgH, m.p. 132-5®, and 
allo-jS-chloro-cinnamic acid, m.p. 142®, are formed by the addition of 
hydrochloric acid to phenyl-propionic acid. 

a-Bromo-cinnamic acid, CeH^.CH : CBr.COjH, m.p. 130®, and 
allo-a-bromo-cinnamic acid, m.p. 120® (Glaser's jS-bromo-cinnamic 
acid), result when phenyl-a, j 3 -dibromo-propionic acid is acted upon 
with alcoholic potash. The latter, when heated, changes to the higher^ 
melting a-bromo-cinnamic acid. When it is treated with zinc dust 
in alcoholic solution it yields allo-cinnamic acid. Both yield benz- 
aldehyde upon oxidation. 
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jS-Bromo-cinnamic acid CeHj.CBr : CH.CO2H, m.p. 133®, and allo- 
)3-bromo-eiiuiaiiile acid, m.p. 158-5®, are formed simultaneously upon 
the addition of hydrogen bromide to phenyl-propiolic acid. The 
second acid, upon heating, changes to the lower-rndting j8-bromo- 
cinnamic acid, and upon reduction yields not only cinnamic acid, 
but also allo-cinnamic acid. 

jS-Iodo-clnnamie acid C^HjCI : CHCOOH is obtained by iodina- 
tion of cinnamic acid in P5nridin solution (C. 1899, II. 527). 

(b) Phenyl-dihaloid-acrylic acids result from the addition of halogens 
to phenyl-propiolic acid. Dtchloro-cinnamic acid CeHg.CCl : CCl.COgH, 
m.p. 120® (B. 25, 2665). a- and jS-Dibromo-cinnamic acids melt at 
139° and 100® (B. 25, 2665). Di-iodo-cinnamic acid melts at 121® 
(B. 24, 4113). 

a-Amido-cinnamic acid C^Hj.CH : C(NH2).C02H decomposes, when 
rapidly heated, at 240®-250®, with the production of phenyl-vinyl- 
amine. Its hydrochloride is produced upon heating its benzoyl-amido- 
cinnamic anhydride with hydrochloric acid to 120°. The acid itself 
may be liberated from the hydrochloride by means of sodium acetate 
or soda. The amide of an isomeric (?) a-amido-cinnamic acid, m.p. 160°, 
is formed by the action of ammonia upon phenyl-dibromo-propionic 
ester or a-bromo-cinnamic ester (B. 29, R. 795). 

a-Acetamido-cinnamic acid CJd^.CK : C(NHC0.CH3).C02H+2H20 
melts, when anhydrous, at 190° with decomposition. It is formed 
when sodium hydroxide acts upon the anhydride. 

CO— o 

a-Acetamido-cinnamic anhydride 1 1 , melting at 

C.HjCH : C.N : CCHj 

146®, results from the action of acetic anhydride upon a-amido- 
phenyl-lactic acid, and from glycocoll, benzaldehyde, sodium acetate, 
Jind acetic anhydride. 

a-Benzoyl-amido-cinnamic anhydride melts at 165®. It is produced 
in the condensation of hippuric acid and benzaldehyde with acetic 
anhydride and sodium acetate. When heated with dilute alkalies 
the lactimide changes to a-benzoyl-amido-cinnamic acid C^HjCH ; 
C(NHCOCjH 5)COOH, which decomposes at 275° with the formation of 
phenyl-acetaldehyde and is split up by excess of alkali into benzamide 
and phenyl-racemic acid (B. 83 , 2036), p-Oxy-benzoyl-amido-cinnamic 
acid anhydride, m.p. 173®, from p-oxy-benzaldehyde, hippuric acid ; 
the corresponding acid is reduced by sodium amalgam to benzoyl- 
tyrosin. 

Cinnamic acids substituted in the benzene nucleus are isomeric with 
the corresponding mono-cinnamic acid derivatives, having side-chain 
substitutions. 

1. Honohaioid Cinnamic Acids have been made from the three 
nitro-cinnamic acids as bases (B. 16 , 2040 ; 18 , 961 ; 25, 2109). 

0-, m-, and p-Chloro-cinnamic acids melt at 200®, 176®, and 241®. 

0- and m-Bromo-cinnamic acids melt at 212® and 178®. 

0-, m-, and p-Iodo-cinnamic acids melt at 213°, 181®, and 255®. 

2. Nitro-cinnamie Acids. — ^The introduction of cinnamic acid into 
nitric acid of specific gravity 15 leads to the formation of the ortho- 
(60 per cent.) and para-nitro-acids. To separate them, cover the acid 
mixture with 8~io parts of absolute alcohol, and conduct hydrochloric 
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acid gas rapidly into the liquid, until complete solution ensues. On 
cooling, the para-ester separates. The pure esters are saponified with 
sodium carbonate or with dilute sulphuric acid, when the pure acids 
result (A. 212 , 122, 150 ; 221 , 265). 

The three isomeric acids can be prepared from the corresponding 
nitro-benzaldehydes by means of Perkin's reaction : 

0-, m-, and p-Nitro-cinnamic acids, m.p. 240®, 197°, 286®. 

0-, m-, and p-Nitro-cinnamic ethyl esters, m.p. 44®, 78®, 138®. 

Oxidation converts the three nitro-cinnamic acids into the three 
nitro-benzaldehydes and nitro-benzoic acids. 

Further nitration of o-, m-, and p-nitro-cinnamic acids produces 
dinitro-cinnamic acids, containing an NO2 group in the side chain ; 
0, p-dinitro-cinnamic acid (N02)[2, 4]CeH3CH : CHCOOH, m.p. 179®, 
is obtained from o, p-dinitro-benzaldehyde by means of Perkin's 
reaction (M. 23 , 534). m- and p-nitro-cinnamic acids are decomposed 
at 230® and 220® respectively (C. 1904, II. 1498). 

Cinnamic Acids suhshtuted, both in the Benzene Residue and the Side 
Chain. — a, m-Dinitro-cinnamic acid N02[3]CeH4.CH : C(N02)C00H, 
from m-nitro-cinnamic acid ester, with nitro-sulphuric acid (A. 229 , 
224). a, p-dinitro-cinnamic acid, p-nitro-phenyl-a-nitro-acrylic acid, 
from p-nitro-cmnamic acid (A. 229 , 224). See also a>, p-Dinitro-phenyl- 
ethylene and p-Amido-phenyl-alanin. a- and j 3 -Nitro-o-amido-cin- 
namic acid, m.p. 240° and 254®, from o-amido-cinnamic acid. 

3. Amido-cinnamic Acids can be prepared by reducing the three 
mononitro-cinnamic acids with tin and hydrochloric acid. The re- 
duction is better effected with ferrous sulphate in an alkaline solution 
(B. 15 , 2294 ; A. 221 , 266). 

0-, m-, and p-Amido-cinnamlc acids melt at 158®, 181®, and 176®. 
When the diazo-bodies are boiled with haloid acids, the haloid cinnamic 
acids, described above, are produced ; but when they are acted upon 
with boiling water, the products are 0-, w-, and p-cumaric acids. 

Carbostyril Formation. — Free o-amido-cinnamic acid differs from 
o-amido-hydro-cinnamic acid in behaviour, in that, when heated alone, 
it does not give rise to an inner anhydride formation ; it behaves like 
o-cumaric acid. The anhydride formation occurs, however, when 
o-amido-cinnamic acid is heated with hydrochloric acid (B. 13 , 2070), 
or with 50 per cent, sulphuric acid (B. 18 , 2395). The resulting an- 
hydride is carbostyril, discovered in 1852 by Chiozza, when he reduced 
o-nitro-cinnamic acid wdth ammonium sulphide. It can be viewed 
both as a lactime and a lactame : 

Lactame formula, ^ Lactime formula, 

According to the second formula, carbostyril is nothing more than 
a-oxy-quinolin ; hence it will be discussed later, in conjunction with 
quinolin. This will also be done with the alkyl compounds derived 
from both formulae. 

o-Ethyl-amido-cinnamic acid, m.p. 125® (B. 15 , 1423). Its nitros- 
amlne melts at 150® with decomposition, and, on reduction, is con- 
densed to ethyl-isindazol-acetic acid. 

4. o-Hydrasin-cinnamic acid NH2.NH.CeH4.CH : CH.COjH, m.p. 
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XH.NH 

171° with decomposition into indazol C,H4<' | 1 (y v.). and acetic 

acid. 

0 - Sulpho - hydrazln - cinnamie aeld SOaH.NH.NH.CgH^CH : 
CH.COjH is formed when sodium sulphite acts upon the hydro- 
chloride of o-diazo-cinnamic acid. Hot hydrochloric acid breaks 
it down into o-hydrazin-cinnamic acid and the lactame of this acid 

'"•P- ^27“ (A. 221, 274). 

5. Sulpho-cinnamic Acids are produced when fuming sulphuric acid 
acts upon cinnamic acid (A. 173 , 8). The m-derivative has been ob- 
tained by a nuclear synthesis from m-benzaldehyde-sulphonic acid. 
p-Sulpho-cinnamic acid, on reduction, splits off the sulpho-groups, 
and produces hydro-cinnamic acid (B. 33 , 2014 ; C. 1903, II. 438). 

Homologous Cinnamie Acids. — Cinnamic acids containing alkyl 
groups in the benzene residue are produced when alkylated benzalde- 
hydes are condensed with sodium acetate and acetic anhydride. The 
three tolyl-aldeh3’des ^ueld 0-, w-, and p-methy]'cinnamic acids, jS, 0-, 
m-, and p-ioJyl-acrylic acids, melting at 169®, 115®, and 196®. Cuminol 
5delds p-cumenyl-acrylic acid (CH3)2CH[4]C6H4.CH : CH.CO2H, melting 
at 158®. When the latter is nitrated it yields not only the p-nitro-acid, 
but also o-nitro-cumenyl-aciydic acid, which manifests the same re- 
action transpositions as o-nitro-cinnamic acid (B. 19 , 235). 

a- Alkyl substituted cinnamic acids are produced in the condensation 
of benzaldehyde with sodium propionate, capronate, or butjrate and 
acetic anhydride (A. 227 , 57 ; B. 34 , 918). 

a-Methyl- cinnamic acid, a-benzal-propionic acid, ^-phenyl- 
methacrylic acid CeHg.CH : C(CH3)C02H, melting at 78® and boiling 
at 288®, is also formed from benzxd-propionic ester and metallic sodium 
(B. 20 , 617). Also from a- methyl-^-pheny 1 -ethylene-lactic acid by 
splitting off w^ater (C. 1898, I. 674 ; B. 20 , 617). 

Phenyl-angelica acid, a-cthyl-cinnamic acid, a-benzal-n-butyric acid 
CjHg.CH : C(C2H5)C02H melts at 104° (B. 23 , 978). 

jS-Alkyl-substituted cinnamic acids are obtained by detaching H^O 
from jS-aiyd-alk} l-hydracr\’lic acid<?, the condensation products of aro- 
matic ketones with bromacetic ester, and zinc, or iodo-acetic ester, 
and magnesium, respectively (B. 40 , 1589 ; 41 , 5). 

Methyl-cinnamic acid, j3-phenyl-crotonic acid CqH 5 C(CH 3 ) : 
CHCOOH, m.p. 98®, b.p. 167® ; anilide, from dypnone oxime by Beck- 
mann’s transformation (B. 87, 733). jB-Ethyl-, j3-n-propyl-, and j3-Iso- 
hutyl-cinnamic acids melt at 95°, 94°, and 86® respectively. 

Higher o>-phenyl- 7 i'Olefin^carboxylic acids are produced by heating 
the lactone-carboxylic acids, when carbon dioxide is expelled, and 
in the reduction of phenyl-diolefin-dicarboxylic acids. 

Phenyl-iso-crotonic acid, ^-benzal-propionic acid C3H5.CH ; CH. 
CHj.COjH melts at 86® and boils at 302® with partial decomposition 
into water and a-naphthol. It is formed also by expelling CO 2 and 
rearranging phenyl-paraconic acid, as well as from phenyl-trimethylene- 

tricarboxylic acid C,H,C(COOH)<^^”^°®y (B. 25 , 1155), by heat- 

ing ; also by heating phenyl-acetaldehyde, malonic acid, and pyridin 
from the benzal-malonic acid first formed by detaching COj, and dis- 
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placing the double linking (A. 846 , 244). With HBr it combines to 
y-phenyl-y-bromo-butyric acid, which, with soda solution, forms 
phenyl-butyro-lactone, into w’hich phenyl-iso-crotonic acid can also 
be partly converted, by means of dilute sulphuric acid or HCl ; 
concentrated HCl condenses phenyl-iso-crotonic acid to a polymeric 
unibasic lactonic acid, melting at 179® (B. 28 , 3520). 

a- and jS-Methyl-phenyl-iso-erotonic acids melt at no® and 112® 
(A. 255 , 262). A^-Dihydro-cinnamenyl-acrylic acid CJij.CHg.CH : 
CH.CHg.COgH, melting at 31®, is formed when sodium amalgam acts 
upon cinnamenyl-acrylic acid, and also by heating A*- and A^-cinna- 
mylidene-malonic acid, a-Benzyl-crotonic acid CeH5CH2C( : CH.CH3) 
COOH, m.p. 99®, by detaching water from a-benzyl-j8-oxy-butyric acid. 

The behaviour of these phenyl-olefin-carboxylic acids towards 
alkalies is worthy of note. While the aliphatic j8, v-unsaturated acids 
are transposed by alkalies into the isomeric a, p-unsaturated acids 
(Vol, L), the aromatic olefin-carboxylic acids show, at the same time, 
a tendency to place the double linking in the neighbourhood of the 
phenyl group (cp. A*- and A^-styrols). Thus, the A*-dihydro-cinna- 
menyl-acrylic acid, with caustic soda, gives a mixture of the A^- and 
A^-acids (B, 88, 2742), Phenyl-crotonic acid, on mere heating with 
pyridin, passes, almost completely, into the phenyl-iso-crotonic acid, 
a reaction which can be partly reversed by boiling with caustic soda 
(A, 283 , 309), a-Benzyl-crotonic acid gives, on fusing with KHO, 
phenyl-angelica acid (/, pr. Ch. 2, 74 , 334 ; cp, also A. 319 , 144), 

CeHgCH • CH CHg CIl,.CO,H ^ CeH^CH* CH : CH.CH.COjH ► 

A*-acid, m.p. go“ A*-Dihvdro-cinnamcnyl-acryhc acid 

CeH.CHjj CIIgCH : CHCO.H 
A' acid. 111 p. 104®. 

C.H^CH : CH CH, COOH C^H^CH^CH : CH COOH 

Phenyl-iso-crolDnic acid, m p. 86® Phenyl-crotonic acid, m p. 65®. 

CeHBCH^C( . CUCH3)C00H ► C.H^CH : C(CH*.CH3)COOH 

a-Benzyl-crotonic acid, m.p. 99® Phenyl- angelica acid, m.p. 105®. 

The A^-dihydro-cinnamenyl-acr^'lic acid has also been obtained by 
distillation of S-phenyl-8-valero-lactone-y-carboxvlic acid. 

Atropic acid, a-phenyi-acrylic acid melts at io6®. 

This acid, structurally isomeric with ordinary cinnamic acid, results 
from tropic acid and atro-lactinic acid when they are heated with 
concentrated hydrochloric acid or with baryta water. It is sparingly 
soluble in cold water, easily in ether, carbon disulphide, and benzene, 
and distils with aqueous vapour. Chromic acid oxidises it to benzoic 
acid ; when fused with caustic alkali it yields formic and a-toluic acids ; 
sodium amalgam converts it into hydro-atropic acid, and hydrochloric 
and hj^drobromic acids change it to a- and /3-halogen hydro-atropic 
acids. 

Protracted fusion, or heating with water or hydrochloric acid, con- 
verts atropic acid into two polymeric isairopic acids, diatropic acids 
(C^HgOfc), (melting at 237® and 206®), which bear the same relation to 
atropic acid that the truxillic acids sustain to cinnamic acid (B. 28 , 137). 
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Methyl-atropic aeid m.p. I35^ is obtained from 

phenyl-acetic acid and paraldehyde by the action of acetic an- 
hydride (B. 19 , R. 251). 

Phenyl-allyl-acetic acid CeH5.CH(CH,.CH ; CHj)COOH, b.p. 2oo^ 
has been obtained from phenyl-allyl-malonic acid, and its nitrile from 
benzyl cyanide, allyl iodide, and caustic soda (B. 29 , 2601). 


III6. OXY-PHENYL-OLEFIN-CARBOXYLIC ACIDS. 


A. Monozy-phenyl-olelln-earboxylic Acids. — Formation : — ^They are 
obtained (i) from the corresponding amido-phenyl-olefin-carboxylic 
acids upon boiling the diazo-compounds with water (B. 14 , 479) ; 
(2) by a nuclear synthesis, when the phenol-aldehydes are heated 
with the sodium ssdts, and anhydrides, of the fatty acids (Perkin's 
reaction). 

The following nuclear syntheses (von Pechmann) lead to the inner 
anhydrides or S-lactones of the o-oxy-cinnamic acids, the so-called 
cumarins : (3) The action of sulphuric acid upon phenol and malic acid, 
when it is very probable that the first product is the semi-aldehyde of 
malonic acid, which condenses with the phenol. 

(4) When sulphuric acid is allowed to act upon phenol, and aceto- 
acetic ester, or monoalkjd-aceto-acetic esters. 

Phenol itself, with aceto-acetic ester, gives but a small yield of 
methyl-cumarin. Polyvalent phenols give cleaner reactions in this 
respect than simple phenols, and the best are those containing two OH- 
groups : 


3. C.H.{ 

4. C.H,| 


H +CO,H.CH{OH).CH, 
OH HOCO 

H+CH,.COCH, 

OH CjH.OCO 


/[i]C(CH 3) : CH /?-Methyl- 
* *\[2]0 Co cumarm. 


The first members of this series are the monoxy-cinnamic acids 
obtained by method i from the three amido-cinnamic acids. o-Oxy- 
ciimamic acids are especially important. They, like the cinnamic 
acids, occur in two stereo-isomeric forms : o-cumaric acids, correspond- 
ing to the stable trans-ioxm ; and cumarinic acids, corresponding to 
the unstable cis-form. The cumarinic acids are in general unstable 
in the free state, spontaneously detaching water, and passing into the 
corresponding 8-lactones, the so-called “ cumarins." But salts and 
ethers, both mono- and dialkyl ethers, of the cumarinic acids, are 
known, which are isomeric with the corresponding compounds of the 
o-cumaric acids. 

The salts and ethers of cumarin are also designated as o-cumarates, 
and those of o-cumaric acid as the / 3 -cumarates — salts and ethers. 

When the hydrogen atom in cumarin, occupying the o-position 
with reference to phenol-oxygen, is replaced by the nitro-group, free 
nitro-cumarinic acid may be liberated from the salts. 

This acid is distinguished from free 3-nitro-cumaric acid in that 
by the exit of water it reverts to 3-nitro-cumarin. In order to 
account for the different removability of water in o-cumaric acid and 



MONOXY-PHENYL-OLEFIN-CARBOXYLIC ACIDS 427 

cumarinic acid respectively, the following space formulae have been 
proposed : 

HC.COOH rHC.COOH I ^ iic to 

H0C,H4.CH LhC.C.H^OhJ HC.CeH^O 

o-Cumaric acid Cumarinic acid Cumarin. 

As in the case of cinnamic acid, the stable o-cumaric acids 
and their derivatives may easily be transformed into the unstable 
cumarinic acids by means of ultra-violet light, i.e. by supplying 
energy in a suitable form. In this action o-cumaric acid yields 
cumarin direct (B. 44 , 637). By boiling with dilute mineral acids, 
or by the action of iodine in CSg solution, the o-alkyl-cumarinic acids 
can be transposed into the more infusible o-alkyl-cumaric acids 
C. (1907, I. 636). 

By the action of light in the solid state the o-cumaric acids are 
transformed into bimolecular bis-cumaric acids, corresponding to the 
truxillic acids (B. 37 , 1383). 

0-Oxy-cinnamic acid, o-cumaric acid HO[2]CeH4CH : CH.CO2H, 
melting at 208®, and isomeric with hydro-cumarilic acid, phen3d-pyro- 
racemic acid, etc., occurs in Melilotus officinalis, together with o-hydro- 
cumaric acid, and in the leaves of AngrcBcum fragrans. Nitrous acid 
converts o-amido-cinnamic acid into cumaric acid. It is most readity 
prepared by boiling cumarin for some time with concentrated potassium 
hydroxide, or, better, with sodium ethylate (B. 18 , R. 28 ; 22 , 1714). 
Its acetyl derivative is obtained from salicylic aldehyde and sodium 
acetate. 

Ortho-cumaric acid is very easily soluble in hot w^ater and in alcohol. 
It does not volatilise with steam. The free cumaric acid heated alone 
does not yield cumarin, but only wiien treated with acetic chloride or 
anhydride. Sodium amalgam converts it into melilotic acid, and fusion 
with potassium hydroxide into salicylic and acetic acids. 

2 -Methoxy- cinnamic acid (j8) CH30[2]CeH4[i]CH : CH.COgH, 
melting at 182°, is produced by the action of sodium acetate and acetic 
anhydride upon salicyl-aldehyde-methyl ether, and by the rearrange- 
ment of methyl-cumarinic acid. Sodium amalgam reduces it to 
melilotic acid methyl ether, while bromine changes it to methyl-ether- 
dibromo-melilotic acid. o-Cumaric dimethyl ether (jS) CH30[2]C6H4 
[i]CH : CH.CO2CH3, boiling at 293®, is obtained from the previously 
described acid chloride by means of methyl alcohol. Aceto-o-cumaric 
acid CH3.CO.O[2]CeH4.CH : CH.COgH, m.p. 149®, is obtained from 
salicyl-aldehyde, acetic anhydride, and sodium acetate (B. 20 , 284). 
See Cumarin. 

S-Nltro-cumarlc acid (fi) N02r3]C3H3[2](0H)CH : CH.CO^H is 
formed by the protracted heating of the dimethyl ether with sodium 
hydroxide. It suffers no change w^hen heated with w’ater, alcohol, or 
hydrogen bromide (distinction from 3-nitro-cumarinic acid). The 
methyl-ether acid, m.p. 193®, is formed from 3-nitro-salicy 1-aldehyde- 
methyl ether, and from the dimethyl ether, m.p. 88®, by the action of 
soda (see above). This latter ether is produced when methyl iodide 
acts upon the silver salt of the methyl-ether acid (B. 22 , 1710). 
f[i]CH:CH 

Cumarin C4H4I I , m.p. 70® and b.p. 290 , occurs in 

([ 2 ] 0 — Co 
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Aspertda odorata, in the Tonka beans (from Dipierix odoraia), and 
in Meliloius officinalis. It is artificially prepared (i) by heating aceto- 
o-cumaric acid (B. 10, 287), the reaction product resulting from acetic 
anhydride and sodium salicyl-aldehyde (A. 147, 230), or from the 
action of acetic anhydride and sodium acetate upon salicyl-aldehyde 
(Perkin, sen., B. 8, 15Q9) ; (2) from phenol with malic acid and sul- 
phuric acid ; (3) by reduction of jS-chloro- or j8-bromo-cumarin. 

It has the agreeable odour of Asperula, and is applied in perfumery 
for the preparation of the Asperula essence. 

Cumarin dissolves rather easily in hot water, and very readily in 
alcohol or in ether. It dissolves in caustic potash with a yellow colour, 
the first product being potassium cumarinate, from which carbon 
dioxide separates cumarin. Boiling concentrated caustic potash 
changes it to potassium cumarate. In aqueous solution it is reduced 
b}" sodium amalgam to melilotic acid, while sodium and alcohol reduce 
it to oxy-h^•dro-cinnnmic alcohol (B. 39, 2856). 

\Wien it is digested with an aqueous alcoholic solution of 
potassium cyanide, hydrocj’anic acid is added, and, upon subsequent 
saponification, o-oxy-phenyl-succinic acid is formed (A. 293, 366). 
Concerning the action of alkyl-magnesium haloids upon cumarin, 
see B. 37, 489. 

Cumarin-monomethyl-ester acid, m.p. HS"", and cumarinic dimethyl 
ester, b.p. 275°, result when sodium cumarin is heated to 150"' with 
methyl iodide. \Mien heated, both compounds change to the corre- 
sponding o-cumaric acid derivatives, from which they can be recovered 
by means of ultra-violet light. 

Cumaroxime, m.p. 131° (B. 19, 1662), is produced when hydroxyl- 
amine acts upon thio-cumarin. 

Cumarin bromide ^i.p. 105°, is produced when bromine 

acts upon cumarin in carbon-disulphide solution. Alcoholic potash 

I [i]CH:CBr 

converts it into a-bromo-cumarin QH.I 1 . Boiling alcoholic 

( [2]0— CO 

potash changes both of thc^e bodies into cumarilic acid (q.v.). 
r[i]CH:CH 

Thio-cumarin | , m p. loi®, consists of golden-yellow 

([2jO_CS 

needles. It is obtained from cumarin or o-cumaric acid by the action 
of PjSr (B. 19, 1661). 

3-Nitro-cumarinic acid melts when 

rapidly heated, with the exit of water, at 150°, and passes, on 
gentle warming with water or alcohol, into the anhydride, ^-mitro- 
cumarin, from wliich it is obtained, upon boiling with soda. It forms 
long yellow prisms. The silver salt and methyl iodide yield 3-nitro- 
cumaiinic dimethyl ether. 

Cumarin Homologues. — Following method 2 (p. 426), and using 
propionic, butyric, and iso-valerianic anhydrides, with their sodium 
salts, the products are a-alkyUcumarins. The ^-alkyl-cumarins are 
produced from phenols, aceto-acetic ester, and sulphuric acid (B. 17, 
2188) by method 4. PgS^ converts the a-alkyl-cumarins into a-alkyl- 
thio-cumarins, which hydroxylamine changes to a-alkyl-cumarin 
oximes (B. 24, 3459). 
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a-Methyl>eumarin m.p. 90°. ) 3 *Hethyl-ciimarIn 

C,H.{ gCH,):g ^ m.p. 82° (B. 34 , 421). 

For other homologous cumarins, see B. 39 , 871 ; 41 , 830 ; A. 367 , 
232 ; C. 1906, I. 933 ; 1908, II. 790 ; 1909, I. 373. 

p-Amido*j 3 -methyl-cumarin, mono- and dimethyl-amido-jS-methyl- 
cumarin, m.p. 230“, 123°, and 143°, from amido-, monomethyl-, and 
dimethyl-amido-phcnol with aceto-acetic ester (B. 30 , 277 ; 32 , 3690). 

m-Cumaric acid HO[3]CeH4.CH : CH.CO2H, melting at 191°, has 
been formed from m-amido-cinnamic acid and from m-oxy-benz- 
aldehyde (B. 15 , 2049, 2297). 

Nitro-m-cumaric acids, see B. 22 , 292. 

o-Amido-m-cumaric acid has been obtained electrolytically from 
o-nitro-cinnamic acid (B. 27 , 1936). 

p-Cumaric acid HO[4]CeH .CH : CH.COgH, melting at 206°, is 
obtained from p-amido-cmnamic acid and from p-oxy-benzaldehyde ; 
also on boiling the extract of aloes with sulphuric acid (preparation, 
B. 20 , 2528), and by the decomposition of the glucoside naringin [q.v.). 

Methyl-p-cumaric acid, from anisic aldehyde, melts at 154°. The 
phenol-alkyl ethers of the cumaric acids yield ethers of unsaturated 
phenols (see o- and p-vinyl-anisol), just as styrol is obtained from jS- 
bromo-hydro-cinnamic acid by the action of hydrogen bromide, and then 
a soda solution, when carbon dioxide is eliminated. 

j 3 -p-Methoxy-phenyl-methacrylic acid CH30[4]CeH4.CH : C(CH3). 
COOH, melting at 154°, is obtained from anisic aldehyde and propionic 
acid. It breaks down, when heated, into carbon dioxide and anethol. 

B. Dioxy-phenyl-olefin-carboxylic Acids. — Caffeic acid, or 3, 4-di- 
oxy-cinnamic acid, corresponding to proto-catechuic acid and umbellic 
acid, or 2, 4-dioxy-cinnamic arid, are the most important of the known 
dioxy-cinnamic acids, because they themselves, or their simple deriva- 
tives, occur in plants or appear as decomposition products of vegetable 
substances, and 3-methyl-caffeic acid, or ferulic acid, can be changed 
to the valuable vanillin. 

Cafifeic acid, j 3 - 3 , ^-dioxy-phenyUacrylic acid, 3, /^-dioxy-cinnamic 
acid, and its methyl- and methylene-ester acids, w^hen reduced, become 
hydro-caffeic acid and its ether acids. Oxidation }ields proto-catechuic 
acid and its ethers. When the aceto-derivatives of the two methyl- 
caffeic acids are oxidised with potassium permanganate, the first 
products are the aceto-derivatives of the two methyl-ether-proto-cate- 
chuic aldehydes. The caffeic acids and their ether acids can be 
synthesised from proto-catechuic aldehyde and its ethers with the aid 
of the Perkin reaction. When fused with caustic potash, caffeic acid 
and its ether acids yield proto-catechuic acid and acetic acid : 


/ [i]CO : CH.COjH 
CeH, [ 3 ] 0 H 
I r4ioH 

Caffeic acid, m.p. 213® 


/ [ijCH : CH.COjH 
C.H3] [3]0CH3 
I r4lOH 

Ferulic acid, m p. 169® 
(yields vanillin) 


y[i]CH:CH.CO,H 
C.uJ [ 3 ] 0 H 

U 4 ] 0 CH 3 

Iso-ferulic acid, m.p. 228® 
(yields isovanillin). 


Caffeic acid is produced when coffee tannic acid is boiled with 
potassium hydroxide. It occurs in Cienta virosa (B. 17 , 1922). Ferric 
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chloride produces a green coloration in its solutions, which sodium 
carbonate changes to a dark-red colour. 

Feralic acid» m-mcthoxy~p-oxy -cinnamic acid, occurs in the resin of 
asafoetida, and has been obtained from vanillin as well as from m- 
methoxy-p-nitro-cinnamic acid, the product resulting from the action 
of nitric acid upon m-methoxy-cinnamic acid ether (B, 18 , R. 682). 
Its acet(hcompound melts at 196®. 

Iso-ferulic acid, m-oxy-methoxy-cinnamic acid, hesperitinic acid, was 
first obtained from the glucoside hesperidin Both methyl 

ethers can also be prepared by a partial methylation of caffeic acid, 
when the chief product will be iso-ferulic acid. Its accto-derivative melts 
at 199°. 

Dimethyl-caflele acid (CH30)2[3, 4]CeH3.CH : CH.COjH, melts at 
181® (B. 14 , 959). 

Piperonyl-acrylie acid (CH303)[3, 4]C3H8.CH : CH.COjH melts at 
232® (B. 18 , 757 )- 

Diaceto-caffelc acid (CH 3 C 02 ) 2 [ 3 , 4]C6H8.CH : CH.COgH melts at 
190® (B. 11 , 686). 

a-Homo-caffelc acid, 3, 4-dioxy-a-methyl-cinnamic acid, melts at 
193®. Its monomethyl-ether acid, homo-ferulic acid (CH30)(0H)[3, 4] 
C3H3.CH : C(CH3),C00H, melting at 168°, yields iso-eugenol when it 
is heated with lime (B. 15 , 2063). 

a-Hydro-piperic acid (CH202)[3, 4 ]CeH 8 CH 2 .CH : CH.CHg.COgH. 
melting at 78®, is formed when sodium am^gam acts upon piperic acid. 
When boiled with caustic soda it changes to j3-hydro-piperic acid 
(CH202)[3, 4JC3H3.CH2.CH2.CH : CH.CO2H, melting at 131®. Sodium 
amalgam converts the fi-acid into piper-hydronic acid (CHoOo)^, 4] 
CeH3[CH2]4C02H, melting at 98®. 

Umbellic acid, 2, ^-dioxy-cinnamic acid (HO)2[2, .^JC^Hj-CH : CH. 
CO2H, decomposes about 240®. It is produced on boiling umbelliferone 
with KHO ; the 2, 4-dimethoxy-cinnamic acid, m.p. 184®, is formed 
from dimethyl-resorcyl-aldehyde by Perkin's synthesis (C. 1903, 1 . 580 ; 
1904. 1. 724). 

r[i]CH:CH 

Umbelliferone, ^-oxy-cumarin 1 , melting at 

[ [2]0 — CO 

240®, is found in the bark of Daphne mezereum, and is obtained by dis- 
tilling different resins, such as galbanum and asafoetida. It is obtained 
S5mlhetically from j 3 -resorcyl-aldehyde by method 2 ; and also by the 
condensation of resorcin with malic acid according to method 3. It 
has an odour resembling that of cumarin, and behaves similarly 
with caustic potash. Its alkyl ethers show isomeric phenomena 
analogous to those developed under o-cumaric acid and cumarin 
(B. 19 , 1778). 

jS - Methyl-umbellif crone, 4 - oxy - 8 - methylrcumarin, resocyanin, 

r[ijC(CH8):CH 

H0[4]C,H3 J I , melting at 185®, is formed when sulphunc acid 

( [2]o CO 

acts upon resorcin and aceto-acetic ester or acetyl-cyanacetic ester 
(B. 26 , R. 314). Also from p-amido-methyl-cumarin (B. 26 , R. 314) ; 
on melting with potash it gives resaceto-phenone. Niiro- and amido^ 
inethyl-umbelliferone, see B. 84 , 660. 

a, ^-Dimetbyl-umbelUIcronc melts at 256® (B. 16 , 2127). 
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The corresponding bodies have been prepared from orcin according 
to methods 3 and 4 (B. 17 , 1649, 2188) 

2 , 5 -Dioxy-cinna^c acid, m.p. 207"", from o-cumaric acid by oxida- 
tion with KMn04 in alkaline solution (C. 1907, II. 901). 

8-Oxy-cumarln, melting at 28o®-285® with decomposition, and 
5 -oxy-camarln, melting at 249°, are produced when pyro-catechol and 
hydroquinone are treated with malic acid and sulphuric acid (B. 18 , 
R. 333). 

6-Oxy-j3-methyl-cumarin, m.p. 243®, from hydroquinone, aceto- 
acetic ester, and sulphuric acid (B. 40 , 2731). 

C. Trioxy-cinnamic Acids. — Inner anhydrides, S-lactones of trioxy- 
cinnamic acids, are daphnetin, 3, ^-dioxy-cumarin, melting at 255®, 
and sesculetin, 4, ydioxy-cumarin, the aromatic decomposition pro- 
ducts of the isomeric glucosides daphnin and aesculin. Synthetically 
they have been obtained from p5n*ogallic aldehyde, or oxy-hydro- 
quinone-aldehyde, acetic anhydride, and sodium acetate (B. 82 , 287). 

iEsculetinic and daphnetic acids are the trioxy-cinnamic acids corre- 
sponding to these dioxy-cumarins. They are only known as ether 
acids and ether esters. Potassium permanganate oxidises the triethyl 
ethers to triethoxy-benzoic acids, which become triethoxy-benzols 
through the loss of carbon dioxide (B. 15 , 2082 ; 17 , 1086 ; 20 , 1119). 

Methyl-aesculetin, 4~oxy-5-fnethoxy-cumarin, m.p. 203®, is identical 
with gelseminic acid from Gelseniutn sempervivens, and also with 
chrysatropic acid from Atropa belladonna (C. 1898, II. 635 ; B. 
31 , 1189). 

^-Methyl-aesculetln, 4 , S-dioxy-jS-methyl-camarln, m.p. 270®, from 
oxy-hydroquinone triacetate with aceto-acetic ester, and sulphuric 
acid (B. 34 , 423). 

Sinapinic acid, oxy-dimethoxy-cinnamic acid (CH30)2[3, 5] (OH) [4] 
CgHjCH : CHCOOH, m.p. 192®, has been obtained from white mustard 
seeds, and, synthetically, from S5ninga aldehyde by Perkin's reaction 
(B. 36 , 1031). Methyl-sinapinic acid, 3, 4, ^-trimethoxy-cinnamic acid, 
m.p. 124°, from trimethyl-gallic aldehyde (B. 41 , 2536). 4 , 6-Dioxy- 
cumarin, m.p. 273®, from phloro-glucin-aldehyde by Perkin's reaction. 
On methylation it yields citroptene, limettin, 4, b-dimethoxy-cumarin, 
m.p. 147°, from the ethereal oils of certain species of Citrus (C. 1904, 
II. 105). 

D. Tetraoxy-cinnamlc Acids. — Fraxetin, melting at 227®, the 
aromatic decomposition product of the glucoside of fraxin (y.v.), con- 
tains the monomethyl ether of a trioxy-cumarin. Isomerides of fraxetin 
have been prepared synthetically (B. 27 , R. 130 ; 29 , R. 293). 

£. Phenyl - acetylene - carboxylic Acids.— Phenyl - propiolie acid 
C3H5.C : C.CO2H, m.p. 136®, is obtained by boiling a- and ^-bromo- 
cinnamic acids with alcoholic potash, by acting upon sodium phenyl- 
acetylene with carbon dioxide (1870, Glaser, A. 154 , 140), and when 
the latter, and sodium, act upon co-bromo-st5n-ol. It is prepared by 
boiling the dibromide of cinnamic acid, or its ethyl ester, with alcoholic 
potash (B. 34 , 3647 ; 86, 902). Heated in water to 120®, it decomposes 
into phenyl-acetylene and CO,. On heating with acetic anhydride, 
or by the action of POCI3, phenyl-propiolic acid passes into the anhy- 
dride of i-phenyl-naphth^in-2, 3-dicarboxylic acid (B. 40 , 3372 ; 
C. 1908, 11 . 1357). Similarly, phenyl-propiolic ester polymerises, on 
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heating to 200®, to form phenyl-naphthalin-dicarboxylic ester (B. 40, 
3839 ; see the formation of trimesinic acid from propiolic acid). 

On adding hydrogen, by means of sodium amalgam, it becomes 
hydro-cinnamic acid ; treated with zinc dust and glacial acetic acid, or 
sodium and alcohol, it becomes cinnamic acid (B. 22, 1181) ; with 
hydrogen in the presence of colloidal palladium, allo-cinnamic acid ; 
and, by addition of HCl and HBr, it yields j8-halogen and allo-)3- 
halogen-cinnamic acid. It unites with halogens to form phenyl- 
dihalogen-acrylic acids ; with hydrazin hydrate and phenyl-hydrazin 
it forms 3-phenyl-pyrazolone and i, 3-diphenyl-pyrazolone (B. 27, 
783). Similarly, phenyl-propiolic acid unites with other amine bases 
(C. 1900, I. 547 ; 1908, I. 233), as well as the sodium compound of 
^-diketones, aceto-acetic ester, and malonic ester. In the last- 
mentioned reaction a tricarboxylic acid is obtained which, on dis- 
carding COjj, becomes phenyl-glutaconic acid (B. 27, R. 163 ; C. 1899, 
II. 608). On digesting with sodium alcoholates one or two molecules 
of alcohol are attached, and j8-alkoxy-cinnamic ester is formed, or 
dialkyl acetals of benzoyl-acetic ester (C. 1904, 1. 659 ; 1906, I. 1551). 
Phenyl-propiolic-acid nitrile unites vnth one molecule of a primary or 
secondary amine to form jS-alkyl-amido-cinnamic-acid nitriles, such as 
CgH5C(NHCH3) : CH.CN, which, with acids, regenerate the amine and 
form benzoyl-aceto-nitrile (C. 1906, II. 1842). 

Phenyl-propiolic ethyl ester C3H5C C.CO2C2H5, b.p.22 153®, is also 
formed from sodium-phenyl-acetylide, with chloro-carbonic ester. It 
easily transforms into benzoyl-acetic ester by hydration (A. 308, 280). 
Phenyl-propiolic acid nitrile C3H5C CCN, m.p. 39°, is formed from the 
amide uith P2O5 ; from sodium-phenyl-acetylide with gaseous HCN ; 
and from phenyl-propargyl-aldoxime with acetic anhydride (B. 36, 
3671). Chloride, b.p.gs 131°; amide, m.p. 102° (B. 25, 3537; 29, 
R. 795 ; C. 1906, I. 651). 

o-Nitro-phenyl-propiolic acid decomposes at 156®. It is obtained 
when alcoholic potash acts upon the dibromide of o-nitro-cinnamic 
acid (Baeyer, A. 212, 140). When boiled with water it decomposes 
into carbon dioxide and o-nitro-phenyl-acctylene. When boiled with 
alkalies it yields isatin. 

It dissolves in concentrated sulphuric acid, with conversion into 
the isomeric isatogenic acid, which, at once, forms carbon dioxide and 
isatin. Its silver salt explodes with great violence when it is heated. 

If digested with alkaline reducing agents (grape-sugar and potassium 
hydroxide, ferrous sulphate, hydrogen sulphide, potassium xanthate), 
it readily changes to indigo blue (Baeyer, 1880 ; B. 13, 2259). 

The ethyl ester of the acid is obtained by conducting hydrochloric 
acid gas into a mixture of the acid and alcohol. It melts at 6o°-6i°. 

’ ' ric acid it changes to the isomeric isato- 
iViiHp rpHiires it to the indoxylic ester 




iMtogenic ester 


’ [2]N0, ' 

O'NitrO'phenyl'propiolic ester ludoxylic ester. 


p-Hltro-phenyl-propIolic aeid, m.p. 198°, is formed from the p-nitro- 
cinnamic ester after the same manner as the ortho-acid. When boiled 
with water it breaks up into carbon dioxide and p-nitro-phenyl-acety- 



PHENYL-DIOLEFIN-CARBOXYLIC ACIDS 


433 


lene. It yields p-nitro-aceto-phenone if digested at ioo° with sul- 
phuric acid. , 

The ethyl ester, m.p. 126°, when digested with sulphuric acid at 
35°, forms p-nitro-benzoyl-acetic acid. 

o-Amido-phenyl-propiolic acid melts at 129® with decomposition 
into COg and o-amido-phenyl-acetylene. It is obtained by reducing 
o-nitro-phenyl-propiolic acid with ferrous sulphate and ammonia 
(B. 16 , 679). It separates as a yellow crystalline powder. When 
boiled with water it yields o-amido-aceto-phenone. 

y-Chloro-carbo-styril results when the acid is boiled with hydro- 
chloric acid, and y-oxy-carbo-styril upon heating it with sulphuric 
acid (B. 15 , 2147) : 


C.H, 


CCliCH 
N 


COH 


-HCl 

~ H,0 




([i]Cz.C CO,Il rC(OH) ; CH 


;coH. 

/ 


Sodium nitrite converts the hydrochloride into the diazo-chloride, 
which at 70° yields cinnolin-oxy-carboxylic acid. 

m-Methyl-phenyl-proplolic acid CH3[3]CeH4C C. COgH melts at 
109° (B. 20 , 1215). 

F. Phenyl-diolefin-carboxylic acids have been prepared from cin- 
namic aldehyde by means of the Perkin reaction. Cinnamylidene- 
acetic acid, cinnamenyUacrylic acid CgHg.CH : CH.CH : CH.COgH 
melts at 165®, from cinnamic aldehyde, pyridin, and malonic acid with 
heat, by decomposition of the cinnamylidene-malonic acid first formed 
together with the stereo-isomeric allo-cinnamylidene-acetic acid, m.p. 
138® ; on overheating it discards COo and passes into phenyl-butadiene 
(B. 35 , 2()9()). 

The nitrile, boiling at 285®, is obtained from cinnamenyl-cyano- 
acrylic acid. The o- and p-nitro-acids, melting at 217° and 271®, were 
obtained from o- and p-nitro-cinnamenyl-acetone by the action of 
NaClO (A. 253 , 35b). The o-amido-acid melts with decomposition at 
176® (B. 18 , 2332). Cinnamenyl-crotonic acid and cinnamenyl-angelica 
acid melt at 157® and 126® (C. 1906, I. 349). 

Piperic acid, 3, ^-methylenc-dioxy-cinnamenyl-acrylic acid (CHgOg) 
[3, 4]CgH3.CH : CH.CH : CH.COgH, melting at 217®, is produced, 
together with piperidin, when piperin is boiled with alcoholic potassium 
hydroxide. It can be synthesised by aid of the Perkin reaction, 
from piperonyl-acrolein, and from piperonylene-malonic acid (B. 28 , 
1190). Sodium amalgam converts it into two isomeric hydro-piperic 
acids, a and j 3 . It combines with four atoms of bromine. It is oxidised, 
in dilute solution by potassium permanganate at 0°, to piperonal and 
racemic acid (B. 23 , 2372). WTien fused with potassium hydro.xide it 
breaks down into acetic, oxalic, and proto-catechuic acids. Its chloride 
and piperidin form piperin {q.v.). 

History, — Fittig and Mielck (1874) determined the constitution of 
piperic acid. Ladenburg and Scholtz (1894) effected its synthesis 
(B. 27 , 2958). 

a-Methyl- and a-ethyl-piperlc acids, melting at 208® and 179°, were 
synthesised just like piperic acid (B. 28 , 1187). 

jS-Cinnamylldene-propionic acid CeH^CH . CH.CH . CH.CHgCOOH, 
m.p. 1 12®, is formed, in small quantities, on condensation of cinnamic 
aldehyde and sodium succinate with acetic anhydride (A. 381 , 162). 

VOL. II. 2 F 
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IV. Compounds which may be viewed as Oxidation Products of 
Mononuclear-aromatic Polyalcohols with Unsaturated 
Side Chains. 


The domain of the aromatic polyalcohols having unsaturated side- 
chains has been even less completely, and even more irregularly, 
developed than that of the polyhydric aromatic paraffin alcohols and 
their oxidation products. At present the alcohols and aldehydes are 
wholl}^ lacking ; from them the carboxylic acids and their derivatives 
belonging here can be theoretically deduced. Consequently the 
material in this section will not be sharply differentiated, although, 
in the main, the classification is the same as that observed with the 
oxidation products of the aromatic pol3q)araffin alcohols. 

I. Phenylene-oxy-olefin-carhoxylic Acids, — Methylene-phthalide and 
iso-cumarin are inner anhydrides, or lactones, of the possible o-vinyl- 
alcohol-benzoic acids. They are not known in a free state. Cumarin 
is isomeric with them. 


.[i]C-=-CH, 

Methylene-phthalide c«H 4| . m.p. 59®, is formed in the 

l[2]COO 

distillation of phth alyl-acetic acid. Its dibromide melts at 98°. Mono- 

|[i]C=CHBr 


bromo-methylene-phthalide C4H4 


\ 

[2]CO.O 


is produced by the action 


of bromine upon o-aceto-phenone-carboxylic acid. Dichloro-methylene- 
/[i]C=CClj 

phthalide C4H4- \ melts at 128®. It is formed, together with 

V[2]COO 

/CCI.CCIb 

tetrachloro-methyl-phthalide C4H4{ \ , melting at 93®, upon con- 

vcoo 


ducting chlorine into a mixture of glacial acetic acid and phthalyl- 
chloracetic acid (A. 255 , 3S3 ; 268 , 294). 

Bromo-methylene-phthaiide, m.p. 140®, from aceto-phenone-o-car- 
boxylic acid, ^\ith bromine. Dibromo-mettiylene-phthalide, m.p. 140®, 
from a-dibromaceto-phenone«o-carboxylic acid on heating with con- 
centrated sulphuric acid (B. 40 , 83). 


r[i]C-CH, 

Derivatives of methylcne-phthalimidin C,H4 have been 

^ > [2]C0.NR 

prepared by the action of amines and amino-acids upon o-aceto- 
phenone-carboxylic acid (B. 29 , 2518). 

rC=CHNO, . , , 

Nitro-methylene-phthalide C4H4I \ . m.p. 207® with de- 

Vco.o 

composition, from phthalic anhydride and nitro-mcthane, is split up 
by alkali to nltro-phenacyl-o-carboxylic acid NOj|CH2COCeH4COOH, 
m.p. 121® (B. 86, 570). 

([i]C=CH.CH, 

r \ melts at 64° (B. 19 , 838). 

1 [2]C00 


Ethylidene-phthalide C4H4^ 


Propylidene- and iso-hutylidene-phthalides, boiling at 170° (12 mm.) 
and melting at 97°, are obtained by condensing phthalic anhydride 
with the sodium salts and anhydrides of propionic, butyric, and iso- 
valeric acids. Water and carbon dioxide are eliminated (B. 29 , 1436). 

These alkylidene phthalides are transposed by sodium ethylate 
into the isomeric diketo-hy^drindenes. By alkaline hydrates, they are 



PHENYLENE-OXY-OLEFIN-CARBOXYLIC ACIDS 435 


split up into o-ketone-carboxylic acids. Ethylene-phthalide gives rise 
to propio-phenone-o-carboxylic acid. 

c rilCH=CH 

Iso-cumarln 6 ' 47*" boiling at 

285°, is formed in the distillation of silver iso-cumarin-carboxylate. It 
readily volatilises with steam. When digested with soda it becomes : 

Anhydro-o-oxy-vinyl-benzoic acid 0 (CH : CH[2]CeH4.COaH)2, 
melting at 183°. When this body is heated with hydrochloric acid to 
160° the anhydride 0 (CH : CH[2]CeH .CO)20, melting at 234°, results. 
The imidc 0 (CH : CH[2]C4H4CO)2NH, melting at 285°, is produced 
when alcoholic ammonia acts upon the anhydride at 170° (B. 27 , 207). 

f filCH = CH 

Iso-earbo-styril is isomeric 

with carbo-styril, the lactame corresponding to iso-cumarin. It is 
formed when iso-cumarin is heated to 130® with alcoholic ammonia, and 
upon heating iso-carbo-styril-carboxylic acid or its silver salt. It yields 
iso-qiiinolin when distilled with zinc dust (B. 27 , 208). 

8-MethyMso-cumarin melting at 118®, is 

^ /[i]C=C(0,CCH8)CH3 

formed when tb-diacetyl-cyano-benzyl-cyanide \ , 

1[2]CNCN 

melting at 135°, is heated to 180® with hydrochloric acid. This latter 
body results from the action of sodium acetate and acetic anhydride 
upon o-cyano-benzyl cyanide (B. 27 , 831). Similarly, o-cyano-benzyl 
cyanide furnishes an additional series of homologucs of iso-cumarin, 
all of which are characterised by their ready transposition into iso- 
carbo-styrils (see B. 29 , 2543, etc.). 

Ammonia converts 3-methyl-iso-cumarin into the corresponding 
ymethyl-iso-carbchstyril, melting at 211® (B. 25 , 3563). 

By boiling in KHO methyl-iso-cumarin is transformed into methyl- 
benzyl-ketone-o-carboxvlic acid. 

CH=CH) rCH=CH 


Bergaptene 


[] rCH=CH 

(?), melting 


at 188° 


appears to be a derivative of oxy-vinyl-cumarin. It separates, on 
standing, from raw bergamot oil, which is obtained by pressing out the 
fresh rinds of Citrus Bergamia, Risso (B. 26 , R. 234). 

2 . Phcnylene - aldehydo - carboxylic A cids. — p - Aldehydo - cinnamic 
acid CH0[4]C4H4.CH : CH.COgH, melting at 247®, is obtained from 
terephthal-aldehyde by the Perkin reaction (A. 231 , 375 ; B. 34 , 2784). 

3. Phenylene - dicarboxylic Acids. — 0 - Cinnamyl - carboxylic acid 
C02H[2]C4H4.CH.CH.C02H, m.p. 174®, reverts again to phthalidacetic 
acid. It is produced when phthalidacetic acid is digested with alkalies, 
and by carefully oxidising jS-naphthol with potassium permanganate 
(B. 21 , R. 654). More energetic oxidation produces carbo-phenyl- 
glvoxylic acid. 

^ o-Cyano-clnnamic acid CN[2]CeH4CH : CH.COgH, m.p. 252®, is 
produced when sodium acetate and acetic anhydride act upon a-cyano- 
benzal chloride, and also from o-amido-cinnamic acid (B. 24 , 2574 ; 
27 , R. 262). Its formation from the Na salt of 6-nitroso-naphthol 
'C(NO) : C(OH) 

by heating to 250® is worthy of note (C. 1901, 1 . 69). 


C.H4 


icH=(!:H 
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p-Cinnamyl-oarboxylio acid is obtained from terephthal-aldehydic 
acid and sodium acetate. It is an insoluble, infusible powder (A. 281, 

369). 

0 - Phenylene - diacrylic acid CeH4[i, 2](CH : CH.COgH), melts 
above 300®. It is produced when alcoholic potash acts upon 
o-xylylene-dichloro-dimalonic ester, or from o-phthal-aldehyde by 
Perkin’s reaction (B. 19, 435 ; A. 347, 117). 

p-Phenylene-diacrylic acid is obtained from p-aldchydo-cinnamic 
ester with sodium acetate and acetic anhydride (A. 231, 377), and from 
p-xylylene-dibromo-dimalonic ester (B. 34, 2784). 

4. Phenyl-^lefin-ketols . — Oxy - methylene - aceto - phenone CeHg.CO. 
CH : CH.OH, when separated from its sodium compound, is a very 
unstable oil. Its sodium derivative is formed when sodium ethylate 
acts upon formic ester and aceto-phenone. Formerly, oxy-methylene- 
aceto-phenone was considered to be henzoyl-aceialdchyde. As to the 
constitution of the oxy-methylene compounds, see Vol. I. With 
phenyl-iso-cyanate it yields an 0-carbanilido-derivative, m.p. 125®, 
which, by the action of potassium carbonate, is easily transposed to 
the isomeric C-carbanilide, m.p. 94® (B. 37, 4631). Phenyl-h}'drazin 
converts it into diphenyl-pyrazol ; hydroxylamine unites with 
it to form benzoyl-acetaldoxime. See also Benzylidene phenoxy- 
acetone. 

^,6. Phenyl -^oxy- olefin- and diolefin- carboxylic Acids. — Oxy- 
mcthylene-phenyl-acetic ester CeH6C(C02C2H5) : CHOH — see Formyl- 
phenjd-acetic ester. 

j3-Methoxy-cinnamic ester CeH5C(OfH3) : CHCO2C2H5, b.p.14 155®, 
and jS'Cthoxy-cinDamic ester, b.p.^g 168°, are formed from phenyl- 
propiolic acid ester with sodium alcoholate, and from benzoyl-acetic 
ester with ortho-formic acid ether. The corresponding acids melt at 
180® and 162® respectively, discarding COg and forming j3-phenyl- 
vinyl-methyl and ethyl ethers (B. 20, 1005 ; C. IQ04, I. 659, 719). 
j3-Phenoxy-cinnamic ester CeH5C(OCeH5) : CHCOOCgHg, m.p. 76®, 
b.p.io 265, is obtained by attaching sodium phenolate to phenyl-pro- 
piolic acid ester ; the acid, m.p. 143°. >ieldsonheatingC02 and jS-phen- 
oxy-styrol : dig (C. 1900, II. 247 ; 1901, II. 410, 1052 ; 

1906, I. 1551). a-Phenoxy-cinnamic acid CgH^CH : C(OC 4 H 5 )COOH, 
m.p. 181®, IS obtained from benzaldehyde, sodium phenoxy-acetate, 
and acetic anhydride by synthesis ; also from benzylidene-phenoxy- 
acetone with alkali hypochlorite by disintegration (B. 35, 3555). On 
heating it partly decomposes into COg and co-phenoxy-styrol, partly 
into CO and phenyl-acetic phenyl ester (B. 88, 1958). 

y-Phenyl-a-oxy-crotonic acid, styrol-a-oxy-acetic acid CeH^CH : 
CH.CH(OH)COOH, m.p. 137®, is prepared by saponifying its nitrile, 
elnnamyl-aldehyde cyano-hydrin, m.p. 74®, with cold concentrated 
hydrochloric acid ; or by reduction of cinnamyFformic acid with Na 
amalgam. On boiling with hydrochloric acid the acid is readily re- 
arranged to benzoyl-propionic acid (B. 87, 8124), whereas by boiling 
with NaHO benzyl-pyro-racemic acid is formed. Heated alone or 
with acetic anhy dride, benzoyl- propionic acid yields y-phenyl-A*- 

croto-laetone C^Hgt : CH.CHgCOO, m.p. 91®, from which benzoyl- 
propionic acid is easily regenerated. Another derivative of phenyl- 
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a-oxy-crotonic acid is probably trichloro - methyl - styrol - carbinol 

rCl3CH(OH)CH : CHC^Hg, m.p. 67®, obtained from cinnapiic aldehyde 
with chloroform, which, on heating with water, or alkalies, also yields 
benzoyl-propionic acid (A. 299 , i ; C. 1900, II. 238). 

^ XH,— CO 

p-Benzyl-angelica-lactone C,h,.ch,c^ \ is obtained in the 

^C.(CH,)0 

distillation of benzyl-laevulinic acid. 

)3-0xy-cumarin m.p. 206°, is formed from its 

W [2 jO CO 

carboxylic ester by saponification and detachment of COg. In its 
properties, solubility in alkaline carbonate, formation of an oximido- 
compound with sodium nitrite, capacity of condensation with aldehydes, 
etc., it resembles the aliphatic tetronic acids, and it has therefore also 
been called benzo-tetronic acid. On heating with concentrated alkalies, 
oxy-aceto-phenone is formed (A. 379 , 333). j3-Ethoxy-cumarin, m.p. 
174°, is formed, from the silver salt, with IC2H6. With PCI5 and PBrg, 
jS-oxy-cumarin gives j8-chloro- and /3-bromo-cumarin, m.p. 92® and 91® 
respectively, which are reduced with zinc dust and alcohol to cumarin. 

Hethylene-bis-benzo-tetronic acid ch,. m.p. 

about 206°, and ethylidene-bis-benzo-tetronie acid, m.p. 165°, from 
benzo-tetronic acid with formaldehyde and acetaldehyde respectively 
(A. 367 , 169). Homologous and substituted jS-oxy-cumarins have been 
prepared by starting from the corresponding substituted salicylic 
chlorides (A. 367 , 219 ; 368 , 23). 

8-Oxy-cinnamylidene-acetic Acid.— Its lactone is phenyl-cumalln 
C.Hj.C ; CH.CH : CH.CO 

^ I , melting at 68®, and found in coto bark (B. 29 , 

2659 ; R. iiiG). 

From a phenyl-oxy^-triolefin-carboxylic acid we derive cinnamyli- 

dene - dimethyl - croto - lactone CeHjCH : CH ch : C.C(CH 3 ) : C(CHs)» ^ 
153°, obtained by^ condensation of pheny l-iso-crotonic acid and pyro- 
cinclionic anhydride (A. 306 , 242). 

7. Phenvl-dioxy-olefm-carboxylic Acids. — Oxy-methylene-phthalide 
r[i]C=CHOH 

CcH 4 ] \ , m.p. 148®, from a>-bromo-aceto-phenone-o-carboxylic 

I [2]CO.O 

acid on boiling with water ; with hydroxylamine and phenyl-hydrazin, 
it reacts in the desmotropic form as formyd-phthalide, with the forma- 
tion of an oxime, m.p. 152°, and a phenyl-hydrazone, m.p. 180® with 
decomposition (B. 40 . 74). 

8, 9. PhenyUolefin- and diolcfin-a-keto-carboxylic Acids result from 
the condensation of aromatic aldehy^des with pvro-racemic acid. 

CInnamoyl-formic acid CeHg.CH : CH.CO.COjH, a light yellow 
rubber-like mass, from benzaldehyde, pyro-racemic acid, and HCl. 
With NaHO we obtain the acid in bright flakes +HaO, melting at 
57® when anhydrous ; on reduction with a sodium amalgam it gives 
y-phenyl-a-oxy-crotonic acid (B. 36 , 2527). The syrupy acid is also 
formed from its nitrile, cinnamoyl cyanide C«He.CH : CH.CO.CN, m.p. 
114® (B. 14 , 2472) 

o-Nitro-cinnamoyl-formic acid NOa[2]C gH4.CH : CH CO COOH, m.p. 
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135®, from o-nitro-benzaldehyde with pyro-racemic acid. It is con- 
vert^ into indigo by alkalies in the cold, discarding oxalic acid. 

S, 4 - Methylene - dioxy - cinnamyl - formic acid (CH2O2) [3, 4]CeH3. 
CH : CH.CO.COjH, m.p. 149®, and piperonylene-pyro-racemic acid 
(CH202)[3,4]CeH3CH :CH.CH.CH.C0.C02H, m.p. 166®, are formed 
from piperonal and piperonyl-acrolein. 

Cinnamylidene-pyro-racemic acid CeHjCH : CH.CH : CH.COCOOH, 
m.p. 107®, from cinnamic aldehyde and pyro-racemic acid, is reduced by 
sodium amalgam to the corresponding a-oxy-acid, which is trans- 
formed, by boiling with HCl, into 8-benzal-laevulinic aci J (B. 37 , 1318). 

10. Phenyl-olefin- p-keione-carboxylic Acids lesult from the con- 
densation of aceto-acetic ester, and aromatic aldehydes, with hydro- 
chloric acid gas, or, better, with primary or secondary amines in the 

cold (B. 29 , 172). Benzal-aceto-acetic ester c,Hj.ch : m.p. 

59®, b.p. 181® (17 mm.) (A. 281 , 63). The m-m/ro-ester melts at 112® 
(B. 26 , R. 448). y-Benzal-diethyl-aceto-acetic ester CeHg.CH : CH.COC 

(C,H,),.CO,C,H,. m.p. ioi“. Acetyl-cumarin 

m.p. 124®, from aceto-acetic ester, salicyl-aldehyde, and acetic anhy- 
dride. It has feebly acid qualities; see Cumarin and nitro-cumarin 
(B. 35 , 1153 ; 37 , 4497). See also Acetyl-oxy-cumarin. 

AUyl- benzoyl -acetic ester melts at 

122® (B. 16 , 2132). I 

y-Phenyl-a-acetyl-crotonlc lactone C,HjC : CH.CH(COCH3)Co6, 
m.p. 113®, from aceto-phenone-aceto-acetic ester on boiling with 
alcoholic KOH (B. 39 , 1809). 

11. Phenyl-olefin- and diolefin-y-ketone-carboxylic Acids result by 
the condensation (i) of aldehydes and ketone-carboxylic acids with 
acids or alkalies; (2) of olefin-dicarboxylic anhydrides — e.g, maleic- 
acid anhydride, citraconic anhydride, and benzols with aluminium 
chloride. 

) 3 -Benzoyl-acrylic acid CgHs.CO.CH : CH.COgH melts at 96® when 
anhydrous. It results from the action of sulphuric acid upon maleic 
anhydride (see above), as well as from phenyl-y-keto-a-oxy-butyric 
acid. Also from bromo-benzoyl-propionic acid with potassium acetate, 
and from phenyl-iso-crotonic acid with sodium hypo-iodide (C. 1908, I. 
1175; 1909,1.530). 

Trichloro-ethylidene-aceto-phenone C,Hj.CO.CH : CH.CCI3, melting 
at 102°, is produced when sulphuric acid acts upon chloral-aceto- 
phenone. )9-BenzoyI-crotonlcacidC,H5.CO.C(CH3) : CH.CO3H, melting 
at 113°, is obtained from citraconic anhydride (B. 15 , 891). 

fi-Benzal-lSBVulinic acid c,h,.ch : melting at 125°, 

is produced by the condensation of benzaldehyde and laevulinic acid in 
acid solution. It parts with water upon distillation and forms 3-aceto- 
i-naphthol. Phenyl-itaconic acid is formed by its oxidation, and 
/ 3 -benzyl-laevulinic acid by its reduction. Hydroxylamine produces 

the neutral lactoxime, benzal-lcevoxime C.Hj.CH : melting 

CH,/^ = 


at 94“. 
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When benzaldehyde and laevulinic acid condense in alkaline solution 
the product is : 

S-Benzal-tovulinlo aeld CeHgCH : CH.C0.C2H4.C02rt, melting at 
120®. It yields henzaUangelic lactone^ melting at 90° (B. 24 , 3202), upon 
distillation. 

8-Clnnamal-l»vullnlc acid CeH^CH : CH.CH : CH.CO.CHj.CH*. 
COgH, m.p. 161°, sulphur-yellow crystals, from cinnamic aldehyde, 
laevulinic acid, and pyridin (B. S8, 1113). 

12, 13. Phenyl-olefin- and diolefin-dicarhoxylic Acids. — Benzal- 
malonic acid CgHg.CH : C(C02H)2, melts with production of cinnamic 
acid and allo-cinnamic acid. It is formed in the condensation of benzal- 
dehyde, malonic acid, and glacial acetic acid. By heating a mixture 
of benzylidene-aniline, and similar bodies, with malonic acid, cinnamic 
acid is obtained at once (B. 31 , 2596). Its ethyl ester, boiling at 198° 
(13 mm.), is obtained from benzaldehyde, malonic ester, and hydro- 
chloric acid. It adds to itself more readily than the free acid. Aniline 
as well as phenyl-hydrazin converts the methyl ester into jS aniiido- 
and jS phenyl-hydrazido-benzyl-malonic methyl ester, melting at 117° 
and 94^" (B. 29 , 813). When substituted benzaldehydes are used, sub- 
stituted benzal-malonic acids result — e.g. nitro-benzal-malonic acid, 
which is reduced by ferrous sulphate and ammonia to jS-carbo-styril- 
carboxylic acid (B. 21 , R. 253). 

a - Gyano - cinnamic acid, semi - nitrile of benzal - malonic acid 
CjHg CH : melting at 180®, is obtained by the action of 

cyano-acetic acid in the heat upon benzaldehyde, or when it is boiled 
with cyano-acetyl chloride. When heated it passes into the nitrile of 
cinnamic acid. The methyl and ethyl esters melt at 70® and 50°. A 
large number of semi-niti^es of unsaturated, aromatic malonic acids 
of related constitution have been obtained by the union of readily ac- 
cessible, aromatic aldehydes with cyano-acetic acid (B. 27 , R. 262). 
Nxtrile^acid amide, dinitrile, and diamide of benzal-malonic acid, melt- 
ing at 123®, 87®, and 190®, have also been synthesised by the conden- 
sation of benzaldehyde with cyano-acetamide, malonitrile, and malon- 
amide (B. 28 , 2251 ; 35 , 1320). 

Benzal-barbituric acid CH.C<“:S>0 is easily formed 

from benzaldehyde and malony 1 -urea (B. 34 , 1340). 

(Li]CH:C.CO,H 

jS-Carbo-styril-a-carboxylic acid formed 

from o-amido-benzaldehyde upon heating it with malonic acid to 120®, 
and also from o-nitro-benzal-malonic acid (B. 21, R. 353). Its silver 
salt, when heated, yields carbo-styril. 

r[i]CH:C.CO,H 

Cumarln-a-oarboxylio acid C,H4| ^ , melting at 187®, 

breaks down at 290® into carbon dioxide and cumarin. It is obtained 
from salicyl-aldehyde, malonic acid, and glacial acetic acid or amine 
bases (B. 31 , 2593, 2597), as from— 

f[i]CH:C.CN 

a-Cyano-cumarin melting at 182®. This latter 

body may be prepared by the action of dilute sulphuric acid upon 
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o-oxy-benzal-dieyano-aoetie ester H0[2]CeH4CH[CH(CN)C02C2H5]2+ 

JHjO, melting at This is a condensation product of salicyl- 

idehyde and cyano-acetic ester (B. 27 , R. 576). 

a-Cumarin-carboxylic amide, m.p. 269°. Anilide, m.p. 250® (C. 1906, 
IL 724). Cp. also jS-Oxy-cumarln-a-carboxylie ester. 

Cinnamylidene - malonie acid, phenyl - hutadi^ne-dicarhoxylic acid 
CeHg.CH : CH.CH : C(C00H)2, m.p. 208®, has a yellow colour, but, on 
illumination, it passes into a colourless, dimeric modification which 
on oxidation yields a-truxillic acid, and therefore probably also 
contains the tetramethylene ring. Concentrated sulphuric acid restores 
the yellow, monomolecular form (B. 36 , 2411 ; C. 1902, II. 1047). 
heating, cinnamylidene-malonic acid splits off COg and gives a mixture 
of linkage-isomeric forms of cinnamylidene-acetic acid. Methyl and 
ethyl ester, m.p. 67° and 36°. Reduced with Na amalgam, the acid gives 

l, 4-hydro-cinnamylidene-malonic acid C4H5CH2CH : CH.CH(C00H)2, 

m. p. 107° with decomposition, which, on heating with NaHO, passes 
into the isomeric 3 , 4-hydro-cinnamylidene-malonic acid CeH5CH2CH2 
CH :C(C00H)2, m.p. 116° with decomposition (A. 306 , 259). Cin- 
namylidene-cyano-aceticacidCeH5.CH : CH.CH : C(CN)C02H,m.p.2i2°. 

Piperonylene - malonie acid (CHgOg)^, 4]CeH3.CH : CH.CH : 
C(C02H)2 melts at 205° with decomposition into COg and piperic acid 
(B. 28 , 1190). Phenyl-allyl-malonic acid CeH5C(CH2.CH : CH2)(C00H)2 
melts with decomposition at 145°. Its ester is formed when alhl 
iodide acts upon phenyl-malonic ester (B. 29 , 2600). 

CH.COjH 

Phenyl - maleic acid II changes below 100° into its 

CeHj.C CO,H 

anhydride, melting at 119°, which is produced when bromine and PBr.j 
act upon phenyl-succinic acid, and the reaction product is treated with 
water. Phenyl-malic acid is formed simultaneoush' (B. 23 , R. 573). 

Cumaiin-jS-carboxylic acid m.p. 180°, is de- 

composed into CO2 and cumarin, during the dry distillation of its 
silver salt ; its ethyl ester, m p. 78°, is formed from phenol, oxalic-acid 
ester, and sulphuric acid (B. 34 , 422) ; from resorcin, oxalic-acid ester, 
and sodium alcoholate we obtain umbelliferone-^-carboxylic acid, 

resorcyl-malelnic lactone HO[4]C4H3 m.p. 248° (B. 34 , 

381). 

CgHj.CH : C.CO,H 

Phenyl-itaconic acid J , m.p. 172®, is formed (i) 

OPIj.OOjH 

from succinic ester, benzaldehyde, and sodium ethylate ; (2) from 
phenyl-paraconic ester and sodium ethylate. When fused, particularly 
under reduced pressure, it separates into water and its anhydride, melt- 
ing at i63°-i 66®, which, in every fusion, changes in a slight degree to 
isomeric phenyl-citraconic anhydride, melting at 60°. Water changes the 
latter to phenyl-citraconic acid, melting at io3°-io6®. If phenyl-citra- 
conic acid in chloroform solution, to which a little bromine is added, be 
exposed to sunlight, it becomes phenyl-mesaconic acid, melting at 212°. 
On boiling with NaHO these isomeric acids are partly transformed 

C,H,CH 

into a fourth isomeric acid, phenyl-atlconic acid II 

HO,C.C.CH,COOH 
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m.p. 149^-151'', which is stereo-isomeric with phenyl-itaconic acid. 
By the action of concentrated sulphuric acid it easily discards water 

and passes into indone-acetic acid CgH 4 -^^Q^C.CH,co,H, the phenyl- 

itaconic acid only furnishing the corresponding anhydride. From this 
the cts-position of the phenyl and carboxyl in phenyl-aticonic acid 
has been deduced (cp. Vol. 1. and A. 304, 130 ; 805, 35 ; 330, 292 ; B. 

41, 3983)- 

Cumarin-propionie acid C 4 H 4 =c.CH(CHg)COtH^ ^ p 

formed, together with o-oxy-phenyl-methyl-iso-crotonic acid, from 
salicyl-aldehyde, sodium pyro-racemate, and acetic anhydride. It 
passes into a-ethyl-cumarm when it is distilled (A. 255, 285). 

Hethyl-phenyl-itaconic acid CeH6C(CH3)=C{C02H)CH2.C02H melts 
with decomposition at i6i°-i63®. It is obtained from succinic 
ethyl ester, aceto-phenone, and sodium ethylate in ether. Its anhy- 
dride melts at 114°. This acid may, like phenyl-itaconic acid, be trans- 
formed into several isomerides (B. 37, 1619). 

Styril-succinic acid, cinnamcnyl succinic acid C^HjCH : CH.CH 
(C00H).CH2C00H, m.p. 173°, is obtained by saponifying the 
resultant product of the action of alcoholic potassium cyanide 
upon cinnamylidene malonic ester (cp. phenyl-succinic acid, and 
A. 306, 254). 

Cinnamylidene-succinic acid, siyril-itaconic acid, cinnamenyUitaconic 
acid CeHfiCH : CH.CH : C(COOH)CH2COOH, m.p. 2i5"-2i8° with 
decomposition, from cinnamic aldehyde, succinic ester, and sodium 
ethylate, is reduced by sodium amalgam to phenyl-ethylidene-pyro- 
tartaric acid CeH^CHgCH : CHCH(COOH)CH2COOH, m.p. 112°. This 
latter acid transposes, on boiling with NaHO, to phenvl-ethvl-itaconic 
acid CeH5CH2CH2CH . C(COOH).CH2COOH, m.p. 153® (B. 34, 2188 ; 
cp. A. 331, 151). 

Phenyl-glutaconic acid CgH5.C(CH2.COOH) : CH.COOH, m.p. 154°, 
has been obtained from the condensation product formed in the union 
of phenyl-propiolic ester with sodium-malonic ester. Its ester, b.p.^ 
187°, is converted by ammonia into y-phenyl-a, a^Hlioxy-pyridin 
(C. 1899, I. 1081 ; B. 27, R. 163 ; A. 370, 72). 

Benzal-glutaric acid CeH^.CH : C(C02H)CH2.CH2.C00H (A. 282, 
338) melts at 177° (B. 31, 2004). 

Benzyl-glutaconic ester CeH5.CH2.CH(COOH)CH : CH.COOH melts 
at 145° (A. 222, 2O1). Its ethyl ester, boiling at 203° -(10 mm.), when 
treated with aqueous ammonia at 100°, forms benzyUdioxy-pyridin 
(B. 26, R. 318). 

Cinnamenyl-glutaric acid C^HgCH : CH.CH(CH2C02H)2, m.p. 135°, 
is obtained from the condensation product of cinnamenyl-acrylic 
ester and sodium-malonic ester, or by oxidation of cinnamenyl-dihydro- 
resorcin with sodium hypochlorite (A. 345, 206). 

14. PhenyUolefm-tricarboxylic Acids. — Phenyl-carboxy-aconitic ester 
CeH5C(C02C2H5) aC(C02C2H5) : CHCO2C2H5 and benzyl - carboxy - 
aconitic ester from phenyl- and benzyl-malonic esters, with chloro- 
fumaric ester (C. 1902, II. 888). 

15. Phenyl •’oxy-olejin-dicarboxylic Acids. — Cinnamenyi-paraconic 
acid C^HgCH : CH.(iH.CH(C02H)CH2.Co6. m.p. 145'', from cinnamic 
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aldehyde and succinic acid. On boiling with water it yields cinna- 
menyl-crotonic acid {C. 1906, II. 515). 

jS-Oxy-eumarin-a-oarboxyllc ethyl ester : CH.cOaC,H, 

m.p. loi®, is formed by the condensation of acetyl-salicylic-acid 
chloride with sodium-malonic ester, and detachment of NaCl and 
acetic ester. In a similar manner we obtain ) 3 -oxy-a-cyano-eumarin, 
m.p. 242®, and j 3 -oxy-a-acetyl-eumarin, m.p. 134°, from acetyl- 
salicylic chloride and sodium cyano-acetic ester or aceto-acetic ester 
(A. S67, 169). 

16. Phenylene^xy-olefin-dicarboxylic Acids, — Phthalyl-acetic acid 
and iso-cumarin-carboxylic acid have the same relation to each other 
that methylene-phthalide sustains to iso-cumarin. Phthalyl-acetic 
acid and its homologues have been obtained by applying the Perkin 
reaction to phthalic anhydride : 

r C=CH.CO,H 

Phthalyl-acetic acid \ melts with decomposition 

(coo 

above 260®. When distilled under greatly diminished pressure it 
breaks down into carbon dioxide and methylene-phthalide. Salts of 
benzoyl-aceto-carboxylic acid are obtained by dissolving it in alkalies. 
When it is heated with water to 200® it breaks down into carbon 
dioxide and o-acetyl-benzoic acid. When heated with ammonia it 
forms phthcdimide-acetic acid. The alkylamines react analogously. 

Sodium ethylate converts phthalyl-acetic acid into the sodium salt 
of diketo-hydrindene-carboxylic acid (q.v.) (B. 26, 953). 

f [i]CH=C— CO,H 

Iso-cumarin-carboxylic acid c,H 4] ] , melting at 237®, 

[ [2]CO--<J 

is formed when o-carbo-phenyl-glyceric-acid lactone is heated to 160® 
with hydrochloric acid ; see Iso-cumarin. Ammonia converts it quite 

i [i]CH=CCO,H 

readily into iso-carbo-styril-carboxylic acid C-H- \ \ , melt- 

[ [2]CO— NH 

ing at 320® (B. 25, 1138). Boiling caustic potash decomposes it into 
o-toluic acid and oxalic acid (B. 28, R. 770). 

On the formation of y-oxy~iao-carbo-styril-carboxylic ester from 
phthalyl-glycocollic ester, see the latter. 

Oxy-methyiene-homophthaiic ethyl ester * CH0H).C04CtH4^ ^ 

colourless oil of strong acid reaction, obtained by the condensation of 
homophthalic ester with formic ester. On heating to 100® it passes 

into iso-cumarin- 4 -earboxylic ethyl ester ^*^*^*^ ‘ 

68®, which is split up again into formic acid and homophthalic acid by 
alkalies. Ammonia converts the ester into lso-carbo-styrll- 4 -car- 

boxylte ethyl ester ^ ^ 4^^ ^253). 


17. Phenylene-oxy- olefin -tricarboxylic Acids. — Phthalyl-malonle 
f[i]C=C(C(5.C.H.). _ _____ __ 


ester c,H« 


i, 


, melting at 74®, is formed, together with 


\ 

[2]COO 

phthalyl-dimalonic ester, from phthalyl chloride and sodium-malonic 


ester (A. 242 . 46). Phthalyl-eyano-aeetle ester c. 


[aJCOO 
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melting at 175®, is made from phthalyl chloride and sodium-cyano-acetic 
ester (B. 26 , R. 370). 

B. Hydro-aromatic Substances with Single-nucleus, Hydro-benzol 

Derivatives. 

It was shown in the introduction to the carbocyclic compounds that 
the treatment of the hydro-aromatic derivatives presupposed a know- 
ledge of the aromatic bodies. Indeed, numerous reactions which led 
to the hydro-aromatic compounds, especially the additions, were 
described in connection with the aromatic substances. Many bodies 
discussed under the aromatic derivatives — e.g, the quinones — are 
rather to be viewed as derived from the hydro-aromatic hydrocarbons. 
And synthetic reactions were also studied in the discussion of the fatty 
bodies which will again be encountered. 

The methods of ring formation in cyclo-paraffins, discussed at the 
commencement of this volume, are also used to some extent in the 
building up of hydro-aromatic substances. The terpenes and camphor 
will be included in the hydro-aromatic derivatives, as they are closely 
related to the hydrogenated m- and p-cymols. 

(i) Hydro-aromatic Hydrocarbons. 

Hexahydro-benzol is the parent hydrocarbon of the hydro-aromatic 
substances. Tetra- and dihydro-benzol bear the same relation to it 
that an olefin and a diolefin show to the paraffin, having the same 
number of carbon atoms. 

The hexahydro-benzols, which are isomerides of olefins with a like 
number of carbon atoms, resemble the paraffins in chemical behaviour ; 
they belong to the cyclo-paraffins, while the tetiahyJro-benzols belong 
to the cyclo-olefins, the dihydro-benzols to the cyclo-diolefins, and 
benzene is the simplest imaginable cyclo-triolefin, if we accept the 
formula proposed for it by Aug. Kekulc. 

The aromatic compounds in general oppose a great resistance to 
the attachment of hydrogen. This was only overcome in 1897 by an 
excellent method discovered by Sabatier and Senderens, which con- 
sists in conducting the vapours of aromatic substances, with excess of 
hydrogen, over finely divided hot nickel. By this means it is easy to 
convert aromatic hydrocarbons, phenols, and anilines into the corre- 
sponding hydro-aromatic compounds. 

Berthelot (1867) first effected the reduction of benzene to hexa- 
hydro-benzol. It was obtained pure by Baeyer (1894) in the course of 
an investigation in wffiich he demonstrated how^ the simplest repre- 
sentatives of the hydro-aromatic bodies — hexahydro-benzol, tetrahydro- 
benzol, and dihydro-benzol — could be prepared from p-diketo-hexa- 
methylene, a decomposition product of succino-succinic ester. Before 
beginning a detailed description of the hydro-aromatic hydrocarbons, 
it may be well briefly to present the steps of this research in a 
diagram. The enclosed numbers following the names refer to the 
fo! mulae of the diagram. 

p-Diketo-hexamethylene (i) yields quinite (2) by reduction, which 
liydrogen bromide changes to p-dibromo-hexamethylene, and hydrogen 
iodide into the mono-iodo-hydrin (4) of quinite, along with pAii-iodo- 
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hexamethylene. Quinite mono-iodo-hydrin, when reduced, yields oxy- 
hexamethylene (3), obtained more easily from pimelin-ketone and 
cydo-hexanone. Hydrogen bromide and iodide convert oxy-hexa- 
methylene (6) into bromo- and iodo-hexamethylene (6, 7). When p-di- 
bromo-hexamethylene and monobromo-hexamethylene are heated with 
quinolin, the latter yields tetrahydro-benzol (8) and the former dihydro- 
benzol (9) ; whereas mono-iodo-hexamethylene is reduced by zinc dust 
and glacial acetic acid to hexahydro^henzol (10) : 


X-'O 

Vh, ch, ' 


/ 


/ 




( 9 ) 

->CH 


or 

/CH .CH,' 
\CH,.CH 


:CH 


(4) ^ (5) ( 6 ) 

"" h! ch:>« «• 


(7) 

CH, 


CH, CH, 
CH,LH, 


(10) 

PM 


(«) 


CH, 




CH,.CH \ 
CH, CH,/ 


CH 


The following values (V) and differences (D) were observed by 
Stohmann in determining the heats of combustion and the boiling- 
points of benzene, the three hydro-benzols, and hexane : 


C,H, (V)=779-8 j Cal. 

C«H8 .. =848 0 1 ^ 

C.H,. „ =8920' 

nxi ..= 41-2 .. 

C,H„ „ •= 99 . 1 - 2 ] 

„ =991 2 1 ”'"58-0 


b.p. 80 - 4 ® 

„ 84®-86® 
82®-84® 

.. 79 °- 79 * 5 ° 
(>9'" 


Approximately. 


}d=+ 5 ' 



The differences calculated from these numbers would have to be 
equal if the changes w'ere of like character. The magnitude of these 
differences expresses, therefore, the magnitude of the changes involved 
in the reduction (A. 278 , 115). 


(la) Cyclo-hexanks, Hex aiivdro- benzols (Naphthenes). 

Hydro-aromatic hydrocarbons constitute the chief portion of 
Caucasian petroleum (I. 88) (Beilstein and Kurbatow, B. 13 , 1818). 
Markuwnikow has, therefore, designated them naphthenes. 

The simplest naphthene, hexahydro-benzol, is also called hexa- 
naphthene, and its homologues are called heptanaphthene, octo- 
naphthene, nononaphthene, etc. Besides these hexahydra-benzols, we 
also find in Caucasian petroleum the isomeric alkyl pentamethylenes 
(cp. B. 81 , 1803 ; Ch. Zeitung, 22 , 900 ; A. 324 , i). Hexahydro- 
benzols have also been discovered in the tar from bituminous coal and 
in that from certain shales, as well as in the resin oils obtained from the 
distillation of colojihoiiium. 

Finally, a nonunaphthene, hexahydro-pseudo-cumol, has been found 
in coal-tar (C. 1908, II. 402). Artificially, the hexahydro-benzols are 
prepared from their halogen substitution products by reduction, or 
by transposition with alkyl-magnesium haloids. They are obtained 
most easily by reduction of the benzene hydrocarbons, on passing the 
latter, in the gaseous state, mixed with hydrogen, over finely divided 
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nickel at temperatures of i8o® to 250®. In the benzol homologues, 
with lengthy side chains, this is accompanied by a partial* breaking up 
of the latter. Thus, from propyl-benzol we obtain, besides propyl- 
cyclo-hexane, a small quantity of ethyl- and methyl-cyclo-hexane. At 
temperatures above 300® the cyclo-hexanes are broken up by the 
nickel, particularly in the hydrogen and the corresponding benzene 
hydrocarbons (C. 1901, I. 502, 817 ; II. 201). They have been made 
artificially by reducing aromatic hydrocarbons with hydriodic acid 
at high temperatures. Hexahydro-benzol resists decomposition by 
means of hydrogen very strongly (A. 278 , 88). The hexahydro-benzols 
are more easily obtained by reducing their halogen substitution 
products. 

When hydro-iodic acid is used as a reducing agent, under certain 
circumstances alkyl-pentamethylenes appear to form by a process of 
isomerisation ; these are isomeric with the hexamcthylenes. Thus 
methyl -pen tamethylene is formed together vnth hexamethylene (B. 30 , 
1214 ; A. 324 , 6). 

The hexahydro-benzols are distinguished from the olefins isomeric 
\vith them by their higher specific gravity, and their inability to take 
up bromine. Like the paraffins, they are first changed by chlorine or 
bromine into monohalogen substitution products. 

Heating with dilute nitric acid produces nitro-substitution products ; 
tertiary H atoms are replaced by the NO 2 group with particular ease 
(A. 301 , 154 ; 302 , i ; C. 1899, I. 176 ; 1910, II. 1376). With nitro- 
sulphuric acid small quantities of nitrified benzol hydrocarbons are 
produced. The action of bromine and aluminium bromide converts 
the hexahydro-benzols into substitution products of aromatic hydro- 
carbons : 


Cyclo-hexane, hexahydro-benzol , . m.p. 6-4®, 

bp. 

81® 

1^*0 

0 

7-88* 

Methyl-cyclo-hexane, hexahydro-toluol 


100° 


0 

7697 » 

1, l-Dimethyl-cyclo-hexane 


I j*'*® 


0 

7861 » 

1, 2-DimethyI-cyclo-hexane, hexahydro-o-xylol 


126® 


o- 

7733 * 

1, 3-Dimethyl-oyolo-hexane, hexahydro-m- xylol . 


121® 


O' 

7736 * 

1, 4-Dimethyl-cyolo-hexane, hexahydro-p- xylol . 


1 


O' 

7690 * 

Ethyl-cyclo-hexane 

1 1 

130° 


0 

7772 ‘ 

1, 2-Methyl-ethyl-oyolo-hexane .... 


151° 


0 

784' 

n-Propyl-cyclo-hexane 

9 » 

15b'’ 


O' 

7865* 

1, 3, 6-Trimethyl-cyclo-hexane, hexahydro-me^itylenc 


138° 


O' 

7867 * 

1, 8 , 4-Trimethyl-cyolO-hezane, hexahydro-p:>endo-cumol . 


MV 


0* 

7807* 

1, 3, 6-Dimethyl-ethyl-cyclo-hexane .... 




O' 

7929 ’ 

1, 4-Methyl-i80-propyl-cyclo-hexanc, hexahydro-cymol 

.. 

107® 

see 

Terpene. 

Literature. — ^ B. 34, 2799. * A. 341, 129 * C 190 

5 . 11 

i67j 

4 

C, 

1901, 

11 . 201. * C. 190Q, I. 851. • B. 34, 2035. ’ C. 1899, I 

176. 






Of these hydrocarbons, cyclo-hexane (B. 28 , 1234 ; A. 302 , 2), 
methyl-, 1,3-dimethyl-, 1,3,4-trimethyl-, and i, 3, 5-dinKthyl-ethyl- 
cyclo-hexane have been found in the naphtha of Caucasian petroleum, 
while methyl-, propyl-, i, 3-dimethyl-, and i, 4-methyl-iso-propyl- 
cyclo-hexane have been found in resin oil. Most of these have also 
been prepared by reduction of the corresponding benzene derivatives 
by the methods above named. 

Cyolo - hexane, hexahydro - benzol, naphthene, hexamethylene 
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results from the reduction of benzene or of 

iodo-cyclo-hexane (see above) ; or by the action of sodium upon 
synthetic hexamethylene bromide. Pure hexamethylene is a liquid 
smelling like benzine. Heated with bromine to 150®, it yields sym. 
tetrabromo-benzol ; digesting with nitric acid oxidises it to adipinic 
acid (A. 324 , 3). 

Hethyl-cyclo-hexane, hexahydro-toluol, heptanaphthene, has also 
been made from suberyl alcohol by the action of HI at 140® (B. 25 , 
R. 858), as well as from synthetic methyl-hexamethylene-ketone by 
means of the corresponding alcohol (B. 29 , 731). Bromine and alumi- 
nium bromide convert it into pentabromo-toluol, melting at 282®. 

1. 3 - Dimethyl-cyclo-hexane, hexahydro-m- xylol, octonaphihene, is 
obtained from camphoric acid, from heptanaphthene-carboxylic acid 
by means of HI (A. 225 , no ; B. 24 , 2718 ; 25 , 920 ; C. 1905. I. 1392), 
and from 2, 6-dime thyl-cyclo-hexanol ; this substance has been 
obtained from opticall\^ active i, 3-dimethyl-cyclo-hexanol, in a feebly 
dextro-rotatory form, [a]D=o-8® (B. 35 , 2680). 1 , 4 -Dimethyl-cyclo- 
hexane has been obtained S5mthetically from dimethyl-succinylo- 
succinic ester (B. 31 , 3206). 

1 , 3 , 4 -Trimethyl-cyclo-hexane, hexahydro - pseudo - cumol, nono- 
naphthene, from 2, 3, 6-trimethyl-cyclo-hexanol (B. 29 , 215) ; when 
acted upon with bromine and aluminium bromide, it yields tribromo- 
pseudo-cumol. 

n-Propyl-cyclo-hexane has also been formed from chloro-cyclo- 
hexane, propyl iodide, and zinc. 

1 . 3 - MethyHso-propyI-cyclo-hexane, sym. menthane, b.p. 167®, is 
formed by the reduction of its iodine substitution product. 

[ 1 , 31 -Diethyl-cyclo-hexane, b.p. 170®, sp. gr. 07957 (22®), from 
2, 6-diethyl-C3xlo-hexanol. 

Halogen Substitution Products of the Hexahydro-henzols. — Forma- 
tion : — (i) From the hexahydro-benzols by the introduction of chlorine. 
(2) By the addition of halogens and halogen hydrides to di- and tetra- 
hydro-benzols. (3) By the addition of hadogens to benzols and halogen 
benzols. (4) From cyclo-hexanols through the exchange of hydroxyl 
groups for halogens, by means of H haloids or P haloids. 

The third method has brought to light some peculiar isomeric 
phenomena. Two isomeric benzene hexachlorides, and two isomeric 
chloro-bcnzol hexachlorides, have been found. The disposition on the 
part of chemists is to ascribe the cause of this isomerism to the different 
positions of the attached chlorine atoms with reference to the plane 
of the carbon ring, as in the case of the isomeric trithio-aldehydes and 
the isomeric tri-, tetra-, and pentamethylene-dicarboxylic acids. 

Of the dihalogen cyclo-hexanes and the monohalogen alkyl-cyclo- 
hexanes, cis-trans- isomeric forms have also been discovered ; 


Ohloro-ejclo-benne 

. b p 143 * * 

1, 0-Diobloro-oyclo-bexaoe . 

bp. 

190 * 

Brooso-cyclo-hesane 

• M • 

1, 8-Dibromo-cyelo-beiane . 

b p.**» 

146® 

lodo-cyclo-hezaae . 

. b p.*» 69" • 

1, 4-Diliromo-oyolo-hexaii« . 

m.p. 

113 ®* 

1, l-Msthyl-cbloro-cyclo-hexaiie 

. b p *• 54*' • 

1, 4-Di-iodo-cycIo-heian6 

## 

X43*» 

1, S-Methyl-chloro-cyclo-liesaDf 

. bp. 156®* 

Heabydro-beiuyl ohioride 

b p.>«» 

98 ® • 

1, 8-llethyl-«hkjro-«jck>-hex^ 
1 4-]l0tfayl<bloro-cyek>-beiaM 

160 ® • 

. M 158® • 

HtalivOro-beiiiyl iodidt 

bp.„ 

lo3®.» 

LtUfaiwe.- ' C. 2898, 1. isoi 

B. 40,3063. •A.g 78 , 94 - • B. 

« C. 1905 , II. 1429. • A. 808; n ; B. 84. aSox. • C. 
40,3067. ’B. 40; 4865 . 

1905 , I. 2343 ; 
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Various di-, tri-, and tetrachloro-cyclo-hexanes have been obtained, 
besides monochloro-cyclo-hexane, by the chlorination of cyclo-hexane 
at 0°. With KHO they yield cydo-hexane, chloro-cyclo-hexane, 
chloro-hexadiene, benzene, and chloro-benzol (C, 1903, II..664). 

The halogen derivatives of the cyclo-hexanes cannot, like the ali- 
phatic halogen alkyls, be converted into the corresponding alcohols, 
cyanides, mercaptans, etc., by transformation with alkali salts, and 
other substances of basic reaction like KCN, KSH, AgjO, NH3, 
sodium-malonic ester, etc. Instead, they split off halogen hydride 
and form tetra- or dihydro-benzols. On the other hand, the cyclo- 
hexyl magnesium haloids are easily formed, and from these we may 
obtain, with oxygen, cyclo-hexanols ; with CO2, the cyclo-hexane- 
carboxylic acids ; with aldehydes and ketones, extra-cyclic alcohols. 

a- or trans-Benzene hexachloride CeHeClg, melting at 157® and boil- 
ing at 218® (345 mm.), decomposes into 3HCI and unsym. trichJoro- 
benzol. j 3 - or cis-Benzene hexachloride melts and sublimes near 310®. 
a-Benzene hexachloride was made by the action of chlorine upon 
benzene in sunlight (1825, Faraday ; 1835, Mitscherlich, Pogg. A. 35 , 
370). a- and ^-Benzene hexachlorides are produced when chlorine is 
conducted into boiling benzene (1884, Meunier ; B. 18 , R. 149 ; 19 , R. 
348), or, better, into a mixture of benzene and i per cent, sodium 
hydroxide. The a-body is separated by distillation in steam from the 
less volatile j 3 -derivative (B. 24 , R. 632), or by means of chloroform 
from the more sparingly soluble jS-compound. The latter is the more 
resistant of the two modifications. When heated with alcoholic 
potash it is converted with greater difficulty than the a-body into 
unsym. trichloro-benzol. It is not affected by alcoholic potassium 
cyanide, but, when boiled with this reagent, the a-variety is converted 
into unsym. trichloro-benzol. Zinc in alcoholic solution changes the 
a-modification into benzene (Z. /. Ch. 1871, N.F. 7 , 284, 293). 

a- and jS- Chloro-benzol hexachloride CjH^Cl,, melting at 146® and 
260®, yield i, 2, 3, 5-tetrachloro-benzol with alcoholic potash (A. 141 , 
loi ; B. 25 , 373). 1 , 2 , 4-Trichloro-benzol hexachloride CeHjClj melts 
at 95°. 

o-Xylol hexachloride C3H4(CH3)2Cle, m.p. 194®, b.p. 26o®~265® 
(C. 1898, I. 1019). 

a-Benzene hexabromide C^HeBr^, melting at 212®, results from the 
action of bromine upon benzene in sunlight, and when bromine acts 
upon boiling benzene. When it splits off HBr, i, 2, 4-tribromo-benzol 
is formed (Pogg. A, 35 , 374). It is isomorphic with a-benzene hexa- 
chloride (B. 18 , R. 553). 

(16) Cyclo-hexenes, Tetrahydko-benzols, Naphthylenes. 

Tetrahydro-toluol has been found together with hexahydro-toluols 
and allied hydrocarbons in the essence of resin. 

Cyclo-hexenes are produced artificially (i) from the halogen cyclo- 
hexanes by withdrawing the hydrogen haloid by means of alkali or 
tertiary amines, especially quinolin. (2) From amido-cyclo-hexanes, 
by dry distillation of their chlorohydrates or phosphates. (3) From 
the cyclo-hcxanols by extracting water by means of SO4HK, P2O5, 
ZnClj, AICI3, OT by heating with aqueous oxalic acid (B. 84 , 3249), 
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or phthalic anhydride. In order to avoid possible transpositions 
during the extraction of water from cyclo-hexanols, these are trans- 
form^ by the action of CSj upon their sodium or potassium salts, and 
by methylation of the resulting xanthogenates into the corresponding 
xanthogenic methyl esters, which, on distillation at ordinary pressure, 
decompose into COS, mercaptan, and the corresponding cyclo-hexene : 

C,H,„_iO.CS.SCH3 = C„H3„_3+C0S+CH3SH. 

This method is particularly suitable for the higher molecular 
alcohols, and has been very serviceable for preparing terpenes. Those 
alkylidene-cyclo-hexanes which contain a semi -cyclic linkage are iso- 
meric ^^^th alkyl-cyclo-hexenes (compare ethylidcne-cyclo-hexanc, etc.). 
These hydrocarbons, w^hich are of special importance in the chemistry 
of terpenes, are generated by discarding COg from the cyclo-hexene 
and c\xlo-hexylidene fatty acids obtained by condensation of cyclo- 
hexanones with bromo-aliphatic esters and zinc, with dehydration. 
They differ from the isomeric cyclo-hexenes, with unsaturated rings, 
by their higher specific gravities, higher boiling-points, and abnormal 
molecular refraction (A. 360 , 3f)). On heating with alcoholic sulphuric 
acid, tliey easily shift the double linkage and become true tetrahydro- 
benzols. A similar capacity for transposing into hydrocarbons of the 
same linkage, especially under the influence of acids, is shown, to some 
extent, by all alkyl-cyclo-hexenes, so that the preparation of a perfectly 
uniform hydrocarbon, apart from cyclo-hexene itself, has probably 
not yet been accomplished. Characteristic of the cyclo-hexenes are 
their addition products with NOCl, N2O3 and N2O4, the so-called 
nitroso-chlorides, nitrosites, and nitrosates (compare terpenes). 

Cyclo-hexene, tetrahydro-benzol \cH, boiling at 82°-- 

84®, is produced on distilling monobronio- and monoch loro-cyclo- 
hexane with quinolin or alcoholic potash (A. 302 , 27), and from cyclo- 
hexanol by heating with oxalic acid (13. 34 , 3252) or HKSO 4 (C. 1905, 
I. 1014). It is a colourless liquid, resembling petroleum. It has less 
of the leek odour than dihydro-benzol. It is coloured yellow by con- 
centrated sulphuric acid. 

With ozone it fields a very stable ozumde C3H10O3, which can be 
recrystallised from alcohol, m.p. 75®. Water decomposes this, with 
formation of adipin-dialdehyde and adipinic acid (B. 42 , 694). The 
nitroso-chloride melts at 152®. The nitrosate NO.C3Hio-^-^'^2 nielts at 
150® with decomposition (A. 343 , 49). 

Methyl-cyclo-hexenes, tetrahydro-toluols CeHg.CHg. Three methyl- 
cyclo-hexenes are possible, isomeric by the position of the double 
linkage. The most stable of these is — 

A^-Methyl-eyclo-hexene * b.p. io6°-io8°, 

Di 7 0*799. The isomeric hydrocarbons easily pass into this substance, 
with displacement of the double linkage. It is formed, nearly pure, 

* A*, A*, A*, etc. indicates the situation of a double linkage of the C-atom 
I, 2, 3, etc. reckoned with reference to the next higher number. It is sometimes 
preferable to affix the number indicating the double linkage to the name, e.g. 
“ methyl -cyclo-hexene- 1." The same notation is sometimes used to indicate the 
position of the hydroxyl or keto-group in the alcohols and ketones, e.g. “ i-methyl- 
oy clo-hexanooe-3 , * ' 
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from I, I- and i, 2-methyl-cyclo-hexanol. It is formed, practically 
pure, from i, i- and i, 2-methyl-cyclo-hexanol by elimination of water 
(see aho A. 359 , 287). An apparently fairly uniform A^-4nethyl-cyclo- 
hexene, b,p. 103®, 0-841, [a]®+iio°, has been obtained by heating 

add phthalic ester, or the methyl-xanthogenate of the optically active 
I, 3-methyl-cydo-hexanol. On oxidation with KMnO^, it yields j 5 - 
methyl-adipinic acid (C. 1904, 1 . 1346, 1213). A*-Methyl-cyclo-hexene, 
b.p. 103°, 1)27 0*7937, [a]D+8i*47®, from i, 3-methyl-iodo-cyclo-hexane 
(B. 84, 3252 ; 35 , 2493). 

Synthetically, a methyl-cyclo-hexene has been obtained from 
perseite (Vol. I.) by heating with HI (B. 25 , R. 503). 

Isomeric with the tetrahydro-toluols is methene-eyclo-hexane 

b.p. 106°, D«, o-8o 20. nn=i-45i6, from cyclo- 

hexene-acetic acid, and from hexahydro-benzyl iodide, with alcoholic 
potash (A. 359 , 291 ; B. 40 , 4863). It yields, on oxidation with 
KMn04, besides cyclo-hexanone, a glycol C7Hi2(OH)2, m.p. 77°, which, 
on heating with dilute H2SO4, passes into hexahydro-benzaldehyde. 
On boiling with alcoholic sulphuric acid, it is transposed into A^-methyl- 
cyclo-hexene. Nitrole-piperidide, m.p. 127°. 

Several homologous tetrahydro-benzols have been obtained, mostly 
by elimination of water from the corresponding cyclo-hexanols. As 
regards their uniformity the above remarks apply. 

1, 2-Dimethyl-cyclo-hexene, b.p. 132®, is formed from the 2, 2-di- 
methyl-cyclo-hexanol, by dehydration and migration of a methyl 
group (reversal of the pinacolin transposition, see Vol. I.) ; it easily 
yields crystalline dibromide melting at about 138® (private communi- 
cation of H. Meerwein). 1, 3-Dimethyl-cyclo-hexene, b.p. 124®. 1,4- 

Dimethyl-cyclo-hexene-1 (B. 41, 2632). 1, 1-Dimethyl-cyclo-hexene, 
b.p. 117°. from dimethyl-dihydro-resorcin, yields, on oxidation by 
KMn04, a mixture of a, a and jS, j8-dimethyl-adipinic acid (C. 1907, 
I. 239). A^-ethyl-, propyl-, and iso-propyl-cyclo-hexenes boil at 135®, 
155®, and 156° respectively; they are formed by linkage displacements 
from ethylidene-, propylidene-, and iso-propylidene-cyclo-hexane, b.p. 
138®! 158®, and 161® (A. 360, 44). Allyl-cyclo-hexane CeHn.CH2.CH : 
CHg, b.p. 149®, from cyclo-hexyl-magnesium bromide and aUyl bromide 
(C. iQio, II. 387). a-Cyclo-geraniolene, i, 3, ytrimethyl-cyclo-hexene^^ 
CH8CXHj^(CH 3),^ P I39®-I4I®, is formed, besides the isomeric 

jS-cyclo-geraniolene, from the olefinic terpene geraniolene by treating 
with sulphuric acid. It is also formed from the synthetic dimethyl- 
heptinol (CH3)2C(OH).CH2.CH2.CH : C(CH3)2 by boiling with phosphoric 
acid (B. 37 , 848), and by the action of zinc chloride upon dihydro- 
iso-aceto-phorol or 3, 5, 5-trimethyl-cyclo-hexanols, it yields a sparsely 
soluble nitroso-chloride and nitrosate (A. 324 , 97, 112). 

Special interest attaches to A^- and A®-i, 4-methyl-iso-propyl-cyclo- 
hexene, the so-called caro-menthene and menthene, which are dosely re- 
lated to the terpenes, and are therefore treated among hydro-terpenes. 

(ic) Dihydro-benzols [Cyclo-hexadienes]. 

Very probably some of the naturally occurring terpenes belong to the 
dihydro-benzols. The artificially prepared representatives of the di- 
VOL. II. 2 G 
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hydro-benzok are very similar in behaviour to them. The method of 
preparing the simplest of the hydrocarbons in this class — dihydro- 
benzol— from succino-succinic ester has already been discussed. Mono- 
alkyl and di-p-alkyl-dihydro-benzols were made in like manner from 
mono- and di-alkyl-succino-succinic esters (B. 26, 232). 

The other methods of preparing dihydro-benzols are quite analogous 
to this for cyclo-hexenes. They are formed (i) from the cyclo-hexane 
diols which are obtained mostly by reduction of the easily synthesised 
dihydro-resorcins as well as from cyclo-hexenols by dehydration ; (2) 
from the dibromides of the cyclo-hexenes by heating with quinolin 
(compare B. 42, 693) ; (3) by distillation of the phosphates of diamido- 
cyclo-hexanes in a stream of COj, if necessary under diminished 
pressure (A. 328, 88 ; C. 1909, II. 356). 

The dihydro-benzols mostly have a penetrating odour like that of 
leeks. They are easily polymerised and resinified. With alcoholic 
sulphuric acid and aceto-anhydride and sulphuric acid, they give char- 
acteristic red or purple colours. By oxidising agents they can usually 
be easily transformed into benzene derivatives. 

The situation of the double linkages, and especially their uniformity, 
is in most cases more doubtful in the dihydro-benzols than it is even 
in the tetrahydro-benzols. The physical data communicated there- 
fore only apply to a mixture of hydrocarbons which, according to its 
transformations, consists mostly of the cyclo-hexadiene in question. 
On the utilisation of molecular refraction for determining the con- 
stitution of dihydro-benzols, see B. 43, 3076. 

Aw-cyclo-hexadiene, dihydro-beMol ^CH, b.p. 81-5*, 

from 1, 3-diamido-hexamethylene phosphate by distillation, from 
I, 3-dicWoro- and i, 2-dibromo-cyclo-hexane by heating with quinolin 
besides some cyclo-hexene and small quantities of the isomeric 

dihydro-benzol which is the chief product 

formed from i, 4-diamido-cyclo-hexane. The i, 4-cyclo-hexadiene 
easily yields a tetrabromide, m.p. 188°, whereas the i, 3-cyclo-hexadiene 
yields chiefly a dibromide, m.p. 109°, probably i, 4-dibromo-A*-cyclo- 
hexene, which, on heating with quinolin, becomes benzene. The 
dihydro-benzol formed from i, 4-dibromo-hexamethylene is a mixture 
of both isomers (A. 328, 105 ; B. 41, 2479 » ^2, 693 ; C. 1904, II. 1736). 

AM Dihydro-toluol CeH^.CHj, b.p. in®, from m-diamido-hexahydro- 
toluol phosphate, on oxidation with KMn04 gives methyl-dioxy-hexa- 
methylene-ketone or methyl-cyclo-hexanone^ol, and then succinic 
and oxalic acids, which determine its constitution. But this hydro- 
carbon also lacks uniformity (B. 41, 1698). AM-Dihydro-toluol, b.p. 
106 ®, 0 8274 (B. 41, 2484). AM-Dihydro-toluol, b.p. 109 ®, 

0 8292 (B. 41, 2630). 

1 , 1 -Dlmethyl-cyclo-hexadlene (see B. 36, 2692 ; C. 1909, II. 356). 

Dihydro-o-xylol, catUharene, b.p. 135®, is pr^uced when cantharic 
acid CioHi 204, a rearrangement product of cantharidin, is distilled 
with caustic lime. Its odour is like that of a terpene, and it resinifies 
on exposure to the air (Piccard, 1878 ; B. 25, 2453 ; A. 828, 115). 

AM-Dlhydro-m-xylol, b.p. 129®. D,g 0 8203, from 3, 5-diamido- 
1 , 3 -dimethyl-cyelo-bexane and from 1, 8-dimethyl-5-ohloro-oyolo- 
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hexadiene-8, S, the product of the action of PCI, upon i, 3-dimethyl- 
cyclo-hexenone, by reduction (B. 43 , 3111). 

A*,*-Dlhydro-m-xylol, b.p. 129°, D^) 0-8225 (see B. .41,2631). A 
mixture of hydrocarbons containing a dihydro-m-xylol, besides m- 
xylol and tetrahydro-m-xylol, has been obtained from methyl- 
heptenone (CH,),C :CH.CH,.CH,COCH, by condensation with ZnCl, 
(C. 1909, 11 . 357 )- 

AM-Dlhydro-p-xylol, b.p. 135^-138®, Di^ 0*8314, has been obtained 
by a peculiar reaction on boiling dichloro-a, j8-pulenenone with alcoholic 
potash ; it polyinerises easily. Oxidation with KMn04 produces 
acetyl-acetone, which proves its constitution (B. 41 , 1816 ; 42, 2404). 

A*»^-Dlhydro-p-xyloI, b.p. 133° (B. 41 , 2633). Dihydro-p-dlethyl- 
benzol, b.p. i8o°-i85°. 

Addendum : Cyclo-hexyUacetylenes . — ^While steric conditions mili- 
tate against the possibility, or at least the stability, of combinations of 
cyclo-hexane with an acetylene binding in the nucleus, as well as of 
combinations with two double linkages in the allene position, cyclo- 
hexyl-acetylenes with the acetylene binding in the side chain have 
been obtained by the methods usual in aliphatic series. 

Cyclo-hexyl-acetylene CeHuCiCH, b.p. 131°, from cyclo-hexyl- 
chlor-ethylene with KHO ; it gives a Na salt, which with COg forms 
hexahydro-phenyl-propiolic acid (C. 1909, II. 2081). Cyclo-hexyl- 
allylene CeHnCHg.C i CH, b.p. 165^-170° (see C. 1910, II. 387). 

(2a) Ring-alcohols of the Hydro-aromatic Hydrocarbons. 

In this group are included quercite and inosite, formerly classed 
with the sugars, as well as the ring-alcohols of the terpane or menthane 
group among the tcrpenes, while other members have been obtained 
by the reduction of aromatic or hydro-aromatic compounds, but chiefly 
from the corresponding ketones, which yield, by reduction, secondar}’ 
ring-alcohols, and, by transformation with magnesium-alkyl-iodides 
(Vol. I.), tertiary ring-alcohols (B. 84, 2877 ; Ann, Chim. Phys,, 8, 10 , 
527). Cyclo-hexanols have also been obtained by the action of oxygen 
upon cyclo-hexyl-magnesium haloids, from the ring amines with HNO2, 
by the attachment of water to cyclo-hexenes, by heating with glacid 
acetic acid and concentrated H2SO4. Many alkyl-cyclo-hexanols 
occur in stereo-isomeric forms. 


Name. 


Oyolo-htmiol 

l-Mafhyl-ojolo-hannol • 

S-Methyl-oyolo-heauiol 
8-Methyl-oyolo-heianol • 
4-Metlvl-oyolo-heiADol 

L 2-Diinethyl-oyolo-hennol . 
L S-Dimethyl-oyolo-hennol . 

1, i-Dimethyl-oyolo-hennol . 

2, S-DimethylH^olo-hesanol . 

2. 4- Dimethyl-oyolo-hex»nol . 

2, S-Dlroethyl-oyolo-heianol . 

2» a-Dimettayl-oyolo-lienno] . 

8, 2-Diinettiyl-(nroMiexanol . 

8. 4- DimethyUoyolo-hmauiol . 
8 , 6-Diiiitttiyl-oyolo-lieiuiol . 


M.p. 

1 

B.p. 

15* 

i 6 o® 


X 57 * 


165: 


172* 


174* 

33 *’ 

100® 


1 6b® 


169® 

50" 

170® 

63- 

63® (x8 mm.) 


179* 


X 74 - 5 * 

X 2 ® 

78® (X3 mm.) 


189® 


187* 


D. 


0-9471 (22*) 

0-9387 (12®) 

1 B 84 . 3880 
\ C. 1904, 11 . 219 

0936 (14®) 

C. 1909, 1 . 850 

0-926 (12'') 
0-924 (14®) 

|c 1905. I. 742 

C. 1904, II. 219 

0-926 (14®) 

C. 1905, II. 483 

0-911 (14®) 

C 1907, I. 1606 

C. 1906, I. 1096 

0-9073 (16®) 

0-9073 (i6“) 

j C 1906, I. 1248 

B 28 . 781 

0-9129 15®) 

C. X907, ]. 964 

09II9 (16°) 

C. 1900, 1 . 1248 

0*9019 (16°) 

A. 227 . 160 
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Cydo-hezanol, hcxahydro^henol formed 

(i) from cyclo-hexanone by reduction with sodium and aqueous ether 
(B. 84, 2800) ; (2) from p-iodo-hexahydro-phenol, the product of the 
action of HI upon quinite, by reduction with zinc dust and glacial acetic 
acid ; (3) from amido-hexamethylene and from pentamethylene- 

methyl-amine with nitrous acid (A. 302, 20) ; (4) by passing gaseous 
phenol and hydrogen over reduced nickel at about 170® (C. 1904, 1. 454, 
727 ; 1^5, I. 1243) ; (5) by the action of oxygen upon cyclo-hexyl- 
magnesium chloride (C. 1907, 1. 1695). It smells like fusel-oil, and is 
more soluble in water than the aliphatic alcohols with 6 C atoms (B. 
28, 229). Its acetyl compound melts at 104®. With HBr it forms a 
bromo-cyclo-hexane. On oxidation with nitric acid (density 1*2), or 
KMn04, it gives a good yield of adipinic acid (for method of preparing 
this acid, see B. 41, 575 ; C. 1908, 1. 1835). Cyclo-hexanol-methyl ether 
CfiHiiOCHj, b.p. I35®*5, from sodium-cyclo-hexanol and ICH3, or by 
reduction of anisol with hydrogen and nickel. For the ester of cyclo- 
hexanol, see C. 1905, I. 1014. Cyclo-hexyl ether C,Hu.O.C.H„, b.p. 
276®, from diphenyl ether with hydrogen and nickel (B. 41, 1001). 

3-Methyl-cyclo-hexanol has ^so been obtained in its laevo-rotatory 
form [a]D=-3° 40' by reduction of the optically active 3-methyl-cyclo- 
hexanone (B. 30, 1534). 

l-Methyl-cyclo-hexanoI is produced by nuclear synthesis in the 
action of i, 5-magnesium-dibromo-pentane upon acetic ester (C. 1907, 
11. 681). 

3-HethyI-6-propyl, 3-methyl-6-iso-butyl-, and 3-methyl-6-iso-amyl- 
cyclo-hexanol, b.p.gg 112®, m.p. 69®, and b.p.23 137° respectively, are 
obtained syntheticdly by heating 3-methyl-cyclo-hexanone with 
sodium and prop}*l^iso-but3*l- and iso-amyl-alcohol to about 220® (C. 
1905, I. S72, 1100/. 3, 6, 6-Trimethyl-cyclo-hexano], pulenoiy 
188° (see A. 329, 87). 

Hexahydro-thymol and hexahydro-carvacrol (see Menthol and Carvo- 
menthol). 

Polyvalent Ring-alcohols are produced (i) by reduction of poly- 
keto-cyclo-hexanes ; (2) from polyvalent phenols, by reduction with 
hydrogen and nickel (C. 1908, II. 240) ; (3) from cyclo-hexenes by 
gentle oxidation with KMnO^, or by transformation of the correspond- 
ing halogen hydrins. 

trans-Cyclo-hexane-1, 2-diol, o-dioxy-hexahydro-henzol CeHjo[i, 2] 
(OH) 2, m.p. 100°, b.p. 225®, is obtained from tetrah^^dro-benzol with 
KMn04 (A. 302, 21) or by reduction of pyro-catechin. The isomeric 
cis-i, 2-cyclo-hexane-diol, m.p. 104®, b.p. 236®, is produced from the 
iodo-hydrin, o-iodo-cyclo-hexanol C^Hjo^OH), m.p. 42®, obtained from 
cyclo-hexene with iodine and mercuric oxide, and yielding, with silver 
oxideandKHO, at first a cyclo-hexene oxide C6 Hio> 0, b.p. 131®, resem- 
bling ethylene oxide. This combines witli water to form cis-cyclo- 
hexane-diol, with bisulphite to cyclo-hexanol-sulphonic acid CeHio 
(OH)SO,H, with ammonia to o-amino-cyclo-hexanol CeHio[i, 2](NH2) 
(OH), m.p. 66®, b.p. 219® (C. 1905, II. 1337). 

i-Methyl-cyclo-hexane-i, 2-diol, m.p. 67®, from A'-niethyl-cyclo- 
hexene; on heating with oxalic acid it yields i, 2-methyl-cyclo- 
hexanone. 
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4 -Methyl-cyclo-hexen 6 -l, S^oxide, b.p. 146®, from the chloro hydrin 
of A^-methyl-cyclo-hexene with KOH (A. 836 , 310). 

Cyclo-hexane-1, 8-dlol, m.p. 65°, by reduction of resorcin with H 
and Ni at 130° (C. 1908, IL 240). 

Quinlte [Cyclo-hexane-i,4-diol] m.p. 

144®, is formed from p-diketo-hexamethylene, when treated with 
sodium amalgam, in the presence of carbon dioxide, or by reducing 
hydroquinone with H and Ni. This was demonstrated by A. v. 
Baeyer in 1892. It tastes sweet at first, then bitter, and is readily 
soluble in water and in alcohol. Chromic acid oxidises it to quinone 
(B. 25 , 1038 ; 84 , 506). Quinite serves for the preparation of the 
simple hydride derivatives of benzene (B. 26 , 229). Hydriodic acid 
converts it into p-iodo-cyclo-hexanol and p-di-iodo-cyclo-hexane. By 
reduction the first yields hexahydro-phenol, the second cyclo-hexane. 
p-Dlbromo-cyclo-hexane passes readily into dihydro-benzol (B. 26 , 
230). 2 , 5 -Dimethyl-quinlte is formed from the corresponding di- 
ketone (B. 25 , 2122). 

Phloro-glucite, s-trioxy-hexamethylene, cyclo-hexane- 1 , 3 , 5 -triol 

melts when anhydrous at 184®. It 

is formed when phloro-glucin is reduced in an approximately neutral 
solution with sodium amalgam (B. 27 , 357). 

Gyclo-hexane-1, 2, 8-triol, a-form, m.p. 108®; j 3 -form, m.p. 124®, 
from A*-ethoxy-cyclo-hexene with KMn04, and saponification of the 
resulting ethoxy-cyclo-hexane-diol with concentrated HBr (C. 1910, 
I. 2017). 

Quercite, cyclo-hexane-pentol m.p. 

235 °» [a]D= +24-16®, occurs in acorns. The aqueous extract of 
the latter can be freed of glucoses by fermentation with beer-yeast. 
Also from the leaves of ChamcBrops humilis (C. 1908, 1 . 267). Quercite 
does not ferment with yeast. Hydriodic acid converts it into benzene, 
hexane, phenol, quinone, and hydroquinone (Prunier). Nitric acid 
oxidises it to mucic acid and trioxy-glutaric acid (see Vol. I.). A 
solution of potassium permanganate converts it chiefly into malonic 
acid, although oxalic acid and carbonic acid are formed simultaneously 
(B. 29 , 17&2). A laevo-rotatory quercite, m.p. (anhydrous) 174 , 
[a]D=— 73*9®, has been discovered in the leaves of Gymnema silveslre. 
Penta-acetyl compound, m.p. 125® (C. 1904, II. 329). 

Inoslte, hexahydro'hexaoxy-benzol, cyclo-hexane-hexol 
has seven possible optically inactive, and two optically active, modifi- 
cations, as well as a racemic form (cp. Vol. I.). The only modifica- 
tions known with certainty are one inactive and two active forms, and 
the racemic form. 

i-Inosite, phaseomannite, dambose C4He(0H)4+2H20, melts at 225® 
when anhy^ous. It occurs in the muscles of the heart and in the urine 
when there has been an excessive consumption of water ; also in 
unripe beans {Phaseolus vtdgaris) and peas. If heated to 170® with 
hydriodic acid, it yields phenol, di-iodo-phenol, and traces of benzene 
(Maquenne). Concentrated nitric acid oxidises it to di- and tetra- 
oxy-quinones, and to rhodizonic acid (B. 20 , R. 478 ; 23 , R. 26 ; C. 
1908, 1 . 269). It yields furfurol on heating with P^O* (C. 1908, 1 . 2152). 
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Dambonite CeHe{0H)4{0CH,),+3H,0 is the dimethyl ether of 
i-inosite. It occurs in the rubber from Gabon. 1-Inosite hexa-acetate 
melts at 211°. 

d-Inosite, melting at 247®, [a]o=4*65®, from pinite by the action 
of hydriodic acid, behaves like i-inosite with nitric acid. Finite, mate- 
zite C4He(OH)5(OCH3), melting at 186°, [a]D= +65*51®, is present in 
the juice of Pinus Lambertiana, also in the rubber from Mateza roritina 
of Madagascar. 

1-Inosite, melting at 238®, [a]D=— 55°, from quebrachite by means 
of hydriodic acid, behaves towards nitric acid just like i-inosite. 
Quebrachite CeH4(0H)50CH8, melting at 186®, [a]D=‘“8o®, occurs in 
the quebracho bark. Racemic inosite melts at 253®. 

Scyllite CeHigOe, m.p. about 340®, probably a second inactive 
inosite, was discovered by Staedeler in 1856. It is found in the organs 
of various plagiostomes, e.g. Scyllium canicula, but most plentifully in 
the kidne3’S of roach and pike (?), from which it is separated by means 
of its slightly soluble lead salt (B. 40 , 1821). 

Cocosate CgHijO®, m.p. 345°-350®, from the leaves of Cocos nucifera 
and Cocos plumosa, is very similar to inosite in its behaviour, and is 
oxidised, like the latter, to rhodizonic acid by HjOj. The hexa-acetyl 
compound melts about 300® (C. 1908, I. 267). 

Phenose C4H4(OH)6 (?) is an amorphous, readily soluble substance, 
deliquescing in the air. It has a sweet taste and reduces Fehling's 
solution, but is not capable of fermentation. It has been obtained by 
the action of a soda solution (A. 136 , 323) upon the addition product 

{ Cl 
(OH) ' 

{ 2 b) Ring Alcohols of Tetkahydro-benzol. 

A’-Cyclo-hexanol, tetrahydro^henol b.p. 163®, 

is formed when p-iodo-cyclo-hexanol is distilled with quinolin. 

A^-Cyclo-hexanol-methyl and ethyl ether C^H^OAlk, b.p. 139® and 
154® respectively, from the methyl and ethyl iodo-hydrins of cyclo- 
hexane, the results of the action of iodine and HgO upon an alcoholic 
solution of cyclo-hexene, by boiling with alcoholic potash. From the 
corresponding dibromides we obtam, by saponification and reduction 

with zinc dust and alcohol, A*-cyclo-hexenol 

b.p. 165' with decomposition. The urethane melts at io8° (C. 1905, 
II. 1339) ; the A^-cycIo-hexenol acetate, b.p. 180 *-182°, is formed 
by heating cyclo-hexanone with acetic anhydride and sodium acetate 

(B. «. 564 ). 

Numerous A*-cyclo-hexenols have been obtained by reduction of 
the 3-alkyl-A*-cyclo-hexenones, e.g. 8 -inetbyl-A*-eyclo-bexenol, b.p. 
176 ° (A. 289, 131 ). 

Dibydro-eumin aleobol C,H„.CH,OH, b.p., 93”, has been found in 
ginger grass and peppermint (?) oil (B. 44, 466). It is also produced 
from o-phellandrene-glycol, on heating with dilute HgSO,. 

(2c) Extra-cyclic Hydro-aromatic Alcohols. 

These have been obtained (i) by transformation of cyclo-hexyl- 
magnesium haloids with aldehydes and ketones; (2) from cydo- 
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hexane-carbocyclic esters, and extra-cyclic hydro-aromatic ketones by 
reduction, or by the action of alkyl-magnesium haloids ; (3) by oxida- 
tion of alkylidene-cyclo-hexanes with dilute permanganate : 

Oydo-lMljiiMrbiiiol . • • CfHn.CHtOH b.p. x8x* D, 0*944 rC. 1904, II. 704, 

Ofo]o4ltIfl-llltthyl-«aiU^ • . CaHti.CH(OH)CHa „ 189* D, 0*946 1 C. 1907, I. 1693. 

CMo-htijMiiiia^l-oarbiiiol • . C«HitC(OH)(CHg), b.p.M 9^** D« 0*938 I B. 40 . 4165. 

/M}jok>-lMiyl-6ttiplHUoohol . C.H„CH|.CH,OH b.p. 206* B. 41 , 

1-Methyl-eyclo-hexane-l, 7-diol CeHio(OH).CH20H, m.p. 77®, by 
oxidation of methylene-cyclo-hexane with KMn04 ; with acids it 
yields hexahydro-benzaldehydes (A. 847, 331). 

1-Iso-propyl-cyclo-hexane-l, 7-diol CeHio(OH).C(OH)(CH3)2, m.p. 
83®, from I, i-cyclo-hexanol-carboxylic ester and CHgMgl ; on heating 
with dilute H2SO4 it undergoes pinacolin transposition and yields 
i-methyl-i-acetyl-cyclo-hexane (C. 1910, II. 466). 

(2d) Sulphur Derivatives of Hydro-aromatic Alcohols. 

Cyclo-hexyl mercaptan, hexahydro^thio-phenol C4H11SH, b.p. 158®- 
160®, a colourless, highly refractive oil of penetrating odour of mercap- 
tan, is obtained in small quantities by transformation of halogen-cyclo- 
hexanes with KSH ; and, more easily, by splitting up cyclo-hexyl- 
xanthogenic ester CeHnS.CSOCgHs, b.p.je 152®, with ammonia. It is 
also prepared by the action of sulphur upon cyclo-hexyl-magnesium 
chloride (C. 1910, I. 1830), or by reduction of cyclo-hexane-snlphonic 
acid chloride, b.p.15 127®, with tin and HCl. It yields a sparingly 
soluble mercury salt. Cyclo-hexyl-methyl sulphide CeHuS.CHa, b.p. 
180®, from the Na salt with ICH3. Dicyclo-hexyl disulphide (CeHu)2S2, 
b.p. 288®, from the Na salt with iodine (B. 39 , 392 ; W, 2220). 

(3«) Ring-amines of Hydro-aromatic Hydrocarbons. 

These are formed (i) by reduction of nitro-hexahydro-benzols with 
zinc or tin and HCl, or of the oximes of the corresponding ketones 
with sodium in alcoholic solution ; m-diamines, especially, have been 
obtained by reducing the hydroxylamine oximes, the addition products 
of hydroxylamine with cyclo-hexenone oximes ; (2) by reduction of 
anilines with Ni and H (C. 1904, I. 884 ; B. 41, 991) ; (3) by heating 
cyclo-hexanones with ammonium formate, or the formates of organic 
bases (A. 843, 54) ; (4) from the cyclo-hexane-carboxylic amides by 
decomposition with bromine and alkali (B. 40, 2061). 

Amido-cyclo-hexane, cyclo-hexylamine CeHiiNH2, a strong base, 
boiling at 134®, smells of coniin ; but slightly soluble in water. It is 
prepared from cyclo-hexanone oxime, or from the nitro-hexamethylene 
C4H11NO2, b.p. 206®. On conducting aniline vapour with hydrogen 
over reduced nickel at 190®, we obtain — besides cyclo-hexyl-amine — 
cyclo-hexyl-aniline CeH^iNHCeH,, b.p.30 71®, and dicyclo-hexyl- 
amine (C4Hii)2NH, b.p .30 ^ 45 '' (C- 1904, I. 884). Acetamido-cyclo- 
hexane, m.p. 104®. Its benzol compound melts at 147®, and is also 
obtained by transposition of a-hexahydro-benzo-phenone oxime (q.v.) 
(B. 30 , 2863). Phenyl-urea derivative, m.p. 180°; phenyl-thio-urea 
derivative, m.p. 147® (A. 802 , 22). Cyclo-hexyl-methyl-, -ethyl-, and 
-dimethyl-amine, b.p. 145®, 164®, and 165®, are formed by hydrogenating 
the alkyl-aniUnes with H and Ni (C, 1904, II. 105). 
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1 » l-Amido-methyl-cyelo-hexane CeHio(CH3)NH,, b.p. 143®, from 

l, i-nitro-methyl-cyclo-hexane, b.p.40 no®, and by method 4 (C. 1910, 
II. 1377). Benzoyl compound, m.p. loi®. 

1. 2- Amido-methyl-eyclo-hexane, b.p. 150 ® ; benzoyl compound, 

m. p. 147°. 

1. 3 - Amido-methyl-cyoIo-hexane, b.p. 152®; benzoyl compound, 
m.p. 163®, from methyl-cyclo-hexanone oxime, and from i, 3-nitro- 
methyl-cyclo-hexane, b.p.4Q 120®, by reduction, is converted into 
methyl-cyclo-hexyl-hydrazin C3Hj0(CH3)NHNH2 by treating its bromyl 
compound with Ag^O (C. 1900, I. 653). 

1. 4- Amido-metliyl-eyelo-hexane, b.p. 151 ®; benzoyl compound, 
m.p. 181 ®. 

o-Diamido-cyclo-hexane C3Hjp[i, 2]{NH2)2 is an oil, boiling at 183®- 
185®. It results when the amide of hexahydro-anthranilic acid is 
treated with sodium hypobromite and then with hydrochloric acid 
Like the aromatic o-diamines, it unites with benzaldehydes, forming 
aldehydines (A. 295 , 187). 

m-Diamido-cyclo-hexane, boiling at 193®, smells like ethylene- 
diamine. It is soluble in water. Nitrous acid decomposes it into 
nitrogen and dihydro-benzol (A. 228,39). The diaceto<ompound melts 
at 256®. 

p-Diamido-cyclo-hexane C,H,o[i. 4](NH,), is a liquid (B. 27, 1449). 

m-Diamido-hexahydro-toluol CeH3[i, 3, 3](CH3)(NH2)2. b.p.j, 85®- 
89®, m-diamido-hexahydro-xylol, b.p. 27 io3®-io5®, m-diamido-hexa- 
hydro-m-cymol, b.p.^^ i03®-i05®, from the corresponding hydroxyl- 
amine oximes, gem-dimethyl-3, 5-diamido-cyclo-hexane, b.p.30 103®- 
105® (A, 828 , 105). Cp. also the ring amines of the terpane and 
menthane groups, discussed among the terpenes. 

(3ft) Extra-cyclic Hydroaromatic Amines. 

Cyclo-hexyl-methyl-amine, hcxahydro-benzyl-amine C3H11.CH2NH2, 
b.p. 163®, benzoyl compound, m.p. 108®. from cyclo-hexyl-acetamide 
with sodium hypo-bromite, and by reduction of hexahydro-benzo- 
nitrile (A. 353 , 298). With HNOj it is partly transformed into suberyl- 
alcohol with ring expansion (A. 353 , 326). 

j3-CycIo-hexy]-ethyl-amine CgHu.CHg.CHjNH*, b.p. 188®, by reduc- 
tion of cyclo-hexyl-aceto-nitrile (A. 353 , 297). 

(4) Ring-ketones of the Hydroaromatic Hydrocarbons. 

(ti) Ring-ketones of Hexahydro-benzols, — ^These belong to the most 
easily accessible hydro-aromatic substances, starting from which 
numerous other compounds can be prepared, and which have, there- 
fore, been studied in detail. 

Methods of Formation. — (i) By oxidation of the corresponding 
cyclo-hexanols with chromic acid, or by conducting their vapours 
over finely divided metallic copper at 300® (C. 1903, 1 . 1212). (2) From 

cyclo-hexene-glycols with dilute acids. (3) By nuclear synthesis from 
pimelinic acid and its alkyl substitution products by distillation of 
their calcium salts or anhydrides (C. 1907, II. 685). {4) From the 

synthetic cyclo-hexanone-carboxylic esters and their alkylation pro- 
ducts by saponification and elimination of COg. (5) By the action of 
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NaNH, and halogen alkyl upon i, 3-methyl-cyclo-hexanone ; an H 
atom in the neighbourhood of CO can be replaced by alkyl (C. 1905, 
1 . 605). (6) Several i, 2-alkyl-cyclo-hexanones have been obtained 

from the Mg-compound of i, 2-chloro-cyclo-hexanone by transposition 
with halogen alkylene (C. 1906, 11 . 126). 

Behaviour. — (i) Like the aliphatic ketones, cyclo-hexanones combine 
with hydroxylamine, phenyl-hydrazin, semi-carbazide, prussic acid, 
etc., some also with sodium bisulphite. (2) Reduction with Na and 
moist ether produces cyclo-hexanols. (3) Sodium ethylate or gaseous 
HCl — they, like acetone, undergo self-condensation with combination 
of two or three molecules and elimination of water. (4) Cyclo-hexa- 
nones condense with benzaldehyde, forming characteristic mono- or 
dibenzyl compounds by joining up two methylenes adjoining the CO 
group (C. 1908, I. 638). (5) With acetic ester, and sodium, they form 

I, 2 -acetyl-cyclo-hexanones, with oxalic ester and sodium ethylate 
I, 2-cyclo-hexanone-oxalic esters (A. 348 , 91), with NaNH, and CO, 
I, 2-cyclo-hexanone-carboxylic acids (C. 1910, II. 1378). (6) With 

PCI5 unstable dichlorides are first formed, which decompose into HCl 
and chloro-cyclo-hexenes. (7) KMn04 NHO, oxidise them 

clearly to adipinic acids with the grouping — CO.CH, — . (8) By 

means of Caro's acid some have been split up into lactones (B. 83 , 858). 
(9) Cyclo-hexanone-oximes are converted into c-lactames of concen- 
trated H2SO4 or PCI5, and into the nitriles of unsaturated aliphatic 
acids by P2O5 with ring opening (A. 312 , 173 ; 346 , 266). (10) Sun- 

light and water partly convert cyclo-hexanones into saturated fatty 
acids, and the corresponding unsaturated aldehydes (B. 41 , 1071). 



B.p. 

D. 


Cydo-hezanone 

155 - 4 ° 

0*9471 

(22') 


2-Methyl-oyolo-hezaiioii6 . 

163*^ 

0-9246 

(iS») 


3-Methyl-cyolo-hezanone . 

168® 

0-9111 

(18-) 

^ C. 1905, I. 742 

4-Methyl-oyclo-hezanone . 

169° 

0*9352 

(o') 

2, 2-Dimethyl-oyolo-hezanone 

170® 

0-9141 

(20°) 

A. 876 , 159 

8, S-Dimethyl-oydo-hezanone 

174° 

, 

C. 1907, I. 964 

8, 4-Dimethyl-oydo-hezanone 

187® 

, 


C. 1906, I. 124S 

2, 6-Dimethyl-cydo-hezaiione 

175° 

, , 


B. 27 , 594 

2, 4-Dimetbyl-cydo-hezanone 

176*5° 

0-9124 

(i6“) 

C. 1906, I. 1248 

8, 6-Dimethyl-cydo-hezaiione 

182® 

0-8994 

(17*) 

W. 297 , 163 

2, 5-Dimethyl-oydo-bezaiione 

176® 

0-90S3 

(13”) 

/C. 1906, I. 1248 
\A. 857 . 202 


Cyclo-hexanone, pimelin-ketone, keto-hexamethylem 
is an oil with an odour like peppermint. Ii 

results (i) by the oxidation of cyclo-hexanol ; (2) in the reduction of 
phenol with alternating currents ; (3) in the distillation of calcium 
n-pimelinate or pimelinic anhydride (Vol. I.) ; (4) by the action of CO, 
upon I, 5-dibromo-pentane magnesium (C. 1907, II. 681) ; (5) from 
nitro-hexamethylene by treatment with glacial acetic acid and zinc 
dust (A. 802 , 18). 

Upon reduction it yields cyclo-hexanol, while nitric acid oxidises 
it to adipinic acid (B. 39 , 2202 ; C. 1905, 1 . 1243). By sodium ethylate 
or HCl two or three molecules of cyclo-hexanone are condensed, with 
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formation of cyclo-hexylidene-cyclo-hexanone (CeHgO) : (CeHjo), dl- 
eyelo-hezylidene-eyelo-hexanone (CeHjo) : (CeHeO) : (C^Hio), b.p. 214®- 
2I7^ and dodeka-hydro-tiiphenylene (B. 40, 153). 

Illumination of an aqueous-alcoholic solution of cyclo-hexanone pro- 
duces capronic acid and A®-hexene-aldehyde. Cyclo-hexanone-oxime 
is transposed by concentrated H2SO4 in €-capro-lactame (see Vol. L). 

Its phenyl-hydraxone, melting at 74®“77®, when acted upon by 
mineral acids loses ammonia and passes into tetrahydro-carbazol 
(A. 278, 100 ). 

With benzaldehyde, cyclo-hexanone condenses to a mono- and a 
dibenzylidene compound C4H5CH : (C4H4O), m.p. 53° (B. 40, 71), and 
C4H5CH : (CeHeO) : CHCeHe, m.p. 117°. Under specid conditions, it 
was found possible to isolate the intermediately formed mono and 
di-aldols, m.p. 102® and 162® (C. 1908, I. 638). With nitrous acid we 
obtain di-iso-nitro-cyclo-hexanone HON : (CeHeO) : NOH, m.p. 200® 
with decomposition (C. 1909, II. 1549). Chlorine and bromine easily 
produce substitution, with formation of i, 2-chloro- and i, 2-bromo- 
cyclo-hexanone respectively, b.p.jo 82® and b.p.^e 89®. With excess of 
Br a tetrabromide is formed, m.p. 120®, which, on heating, splits off 
HBr and forms 2, 6-dibromo-phenol (A. 843, 40 ; J , pr, Ch. 2, 80, 487). 

3 - Methyl - eyclo - hexanone has been ob- 

tained in an optically active dextro-form of [a]D==+i2*5® by splitting 
up the natural pulegone (B. 80, 23; /. pr. Ch. 2, 61, 477). It is the 
most accessible hydro-aromatic ketone. On oxidation with HNO3 we 
obtain simultaneously a- and j 3 -methyl-adipinic acid (A. 336, 299). 
Its oxime, m.p. 44® (A. 332, 337), is transposed by concentrated H2SO4 
into a mixture of jS- and 8-methyl-c-capro-lactame (A. 346, 253). On its 
conversion into m-cresol, see B. 82, 3338. From 3-methyl-cyclo- 
hexanone the action of NaNHg and alkyl iodide produces 1-methyl- 
4-ethyI- and l-methyl-4-propyl-cyclo-hexanone, b.p.j^ 84® and 98® 
respectively, as well as numerous homologous cyclo-hexanones (see 
synthesis of menthone, below). 

2, 2-Dimethyl-cyclo-hexanone is formed from i-iso-propyl-cyclo- 
pentane-i, 6-diol by pinacolin transformation and simultaneous ring 
extension. 

3, 5, S-Trlmethyl-eycIo-hexanone, dihydro-iso-aceto-phorone, b.p. 
189®, has been obtained from dihydro-iso-aceto-phorol, the reduction 
product of iso-aceto-phorone, by oxidation with chromic acid mixture. 
For transposition of the oximes, see A. 346, 256. 2, 4, 4-Trimethyl- 
eyclo-hexanone, b.p. 191®, from 2, 4, 4-trimethyl-cyclo-hexenone (A. 
824, 97). 8, 6, 6-'Mmethyl-cyclo-hexanone, see Pulenone. 

Ring - ketols. — 1, 2-CycIo - hexanolone -P- 

113®, sublimes very easily, and is formed from i, a-chloro-cydo-hexa- 
none with alkalies. It yields on oxidation with KMnO, adipinic acid 
(C. 1906, II. 125 ; J. pr. Ch. 2, 80, 488). Methyl-1, 2-cyclo-hexanolone 
CH,C,HcO(OH), b.p.,, 86®, from methyl-bromo-cydo-hexanone (B. 85 , 
2695). 8-Methyl-l, 2, 3-cycIo-hexanone-diol CH,C,H70(OH) „ m.p. 65°, 
is formed from the synthetic methyl-cydo-hexenone and from AM- 
dihydro-toluol, by oxi^tion with KMnO, ; on boiling with dilute sul- 
phuric acid it 5delds metbyl-cydo-hexane-dione (B. 85 , 1176). i, 3- 
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Cyclo-hexanolones must be assumed as intermediate products in the 
formation of cyclo-hexenones from i, 5-diketones of the formula 

«*“'■ ““y •>» (A- *3 : B- 

86, 21x8). 

Diketo-hexamethylenes, Cyclo^hexane-diones, — Theory indicates three 
isomeric diketo-hexamethylenes, two of which, the i, 3- and the i, 4- 
diketo-hexamethylene, are known, while of the o-diketo-hexamethylene, 
up to now only a methyl derivative, l-methyl-2, 8-diketo-hexa- 
methylene CH8.CeH702, m.p. 65®, has been prepared ; it is formed from 
methyl-cyclo-hexanone-diol by discarding water, and smells strongly 
of quinone (B. 35 , 1178). 

Dibydro-resorcin, i , ycydo-hexane-iione, m-diketo-hexamethylene 
or melts with decomposition 

at io4°“Io 6°. It is a feeble acid, and probably therefore an un- 
saturated ketone alcohol of ring formation. It is produced upon 
introducing pure sodium amalgam into a boiling aqueous resorcin 
solution while carbon dioxide is being conducted into it. It may be 
synthesised by the condensation of y-acetyl-butjnric ester with sodium 
ethylate. Dihydro-resorcin dissolves readily in water, alcohol, and 
chloroform, but with difl&culty in ether. It reacts acid, and decom- 
poses the alkali and alkaline earth carbonates. It can be directly 
esterified with alcohol and HCl. 

It also forms a dioxime C8Hg(N0H)8+2H20. This melts at 154®- 
157° when it is anhydrous ; when reduced it becomes m-diamido- 
hexamethylene. m-Dioxy-hexahydro-iso-phthalo-nitrile (A. 278 , 20) 
is formed by adding prussic acid to dihydro-resorcin (A. 308 , 184). 
PCI, produces chloro-keto-tetrabydro-benzol C8H7OCI, b.p.^^ 104°, 
whereas PCI5 produces dichloro-dibydro-benzol QH^Cl,, b.p.29 89° 
(C. 1903, I. 1352) ; bromine gives 2 -bromo-hydro-resorcin CeH702Br. 
NaOBr and bleaching-lime decompose hydro-resorcin into glutaric acid 
and chloroform (A. 322 , 245) ; by heating with baryta water to 150®- 
160® it is broken up into acetyl-butyric acid (A. 294 , 269). 

Homologues of dihydro-resorcin are similarly form^ in the con- 
densation of like S-ketone-carboxylic esters, as, for example, in the 
addition of malonic esters to alkylidene-aceto-acetic ester. WTien 
the latter is condensed with malonic ester, through the agency of sodium 
ethylate, and the product then saponified, carbon dioxide is eliminated, 
and there results methyl-dihydro-resorcin, m.p. 126° (A. 289 , 137 ; 294 , 

253) : 


CH, CH, CH, 

C0,RCH.CH.CHC0,R „ C0,RCH.CH. CHCO.R ^ CHj.CH.CH, 

io.CHjiojR io.cHj.do do.cH, iro 


Iso-propyl-dihydro-resorcin (CH3),CH.C,H70„ m.p. 82° (C. 1902, 11 . 
115). Phenyl-dlhydro-resorcln (C,H,)C4H,0„ m.p. 184°. 1 , 2 -Dl- 

phenyl>dihydro-resoroin, m.p. 160°. from phenyl-acetic ester, benzal- 
acetone, and sodium ethylate (B. 42 , 4498). 

Cinnamenyl-dlhydro-resoroin (C,H,CH : CH)C,H, 0 „ from cinna- 
mylidene-acetone and Na-malonic ester, is changed, by bleaching-limr, 
into cinnamenyl-glutaric acid (A. 845 , 206). 
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Dlmethyl-hydro-resorein (CH3)2C : [GHjCO] : CH*, m.p. 150°, from 
mesityl oxide, and sodium-malonic ester, gives, with NaOBr and 
bleaching-lime, j 3 ij 3 -dimethyl-glutaric acid (A. 868, 135). For halogen 
derivatives of dimethyl-hydro-resorcin, see A. 822 , 239. For the trans- 
formation of dimethyl-c^ydro-resorcin into dimethyl-di- and tetra- 
hydro-benzol, see C. 1908, L 1779. Trimethyl-dihydro-resorcin, m.p. 
100® (C. 1900, I. 1069 ; 1901, I. 567). 

The homologous dihydro-resorcins react like simple dihydro-resorcin, 
both as diketones and as unsaturated oxy-ketones. 

1 , 4 -Cyclo-hexane-dione, tettahydroquinone, p-diketo-hexamethylene 

m.p. 78°, results upon saponifving succino-succinic 

nCH ^ 

ester with concentrated sulphuric acid, when it loses carbon dioxide 
(Baeyer), or when the same body is boiled with aqueous alcoholic 
hydrochloric acid. On heating succinyl-succinic ester with methyl 
or ethyl alcohol to 200°, acetals of p-diketo-hexamethylene are formed, 
methyl acetal, m.p. 81°, ethyl acetal, m.p. 89° (B. 84 , 1344). In small 
quan^ties, p-diketo-hexamethylene is also produced by distillation of 
calcium succinate. 

It unites with sodium bisulphite ; it forms melting at 192^ , 

the latter is changed by chlorine into p-dichloro-dinitroso-hexa- 
methylene (0N)CC1(CH2.CH2)2CC1(N0), deep-blue crystals, m.p. 108', 
changed by glacial acetic-hydrochloric acid into a colourless form 
melting at I28®-I30® with decomposition (B. 85 , 3101). With benz- 
aldehyde and HCl p-diketo-hexamethylene forms benzyl-hydroquinone 
(B. 87 , 3486). It forms quiniie upon reduction ; see also a-Dioxy-hexa- 
hydro-terephthalic acid. 

p-Dimethyl-p-diketo-hexamethylene, 2, ^-dimethyl-i, 4-cyclo-hexane- 
dione, m.p. 93®, is obtained from p-dimethyl-succino-succinic ester 
(B. 25 , 2122). 

Cyclo-hexane-triones. — Phloio-glucin yields derivatives which can be 
deduced from the formula of i, 3, 5-trioxy-benzol, and others which 
can be obtained from the h»rmula of i, 3, 5-triketo-hexamethylene. 
It was discussed at the conclusion of pyrogallol and oxy-hydroquinone, 
as were the hexa-alkyl derivatives of phloro-glucin. 

Triquinoyl C^O^-i 8H2O, described with the quinones, is probably 
hexaketo-hexamethylene. 

Halogen Substitution Products of the Ring-ketones of Hexahydro- 
benzol are formed in the continuous action of chlorine and bromine 
upon phenols, quinones, and oxy-quinones. Several of the keto- 
chlorides can be readily rearranged into halogen keto-pentene deriva- 
tives, and be decomposed into highly chlorinated fatty bodies : ketones, 
ketonic acids, and fatty acids. 

Heptachloro-resorcln, heptachloro - 1, cy do -hexane- dione 

^ fro™ resorcin and Cl in 

chloroform (B. 24 , 912). 

Qulnone tetrabromide, 2, 3,5,6- tetrabromo - cyclo - hexane - dione 
CHBr/^°- Hexaehloro - triketo - R - hexylene, hexachloro- 
1. 3. 5-cyclo-hexane-irione m.p. 48®, b.p. 268®, from 

phloro-glucin with Cl in chloroform (B. 22 , 1473). 
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Pentabromo-dlketo-oxy-cyelo-hexenol 

m.p. 1 19® with decomposition. It is produced when bromine in water 
acts upon phloro-glucin. It forms amber-yellow-coloured crystals. It 
is a strong acid. 

Hexabromo-triketo-cyelo-hexane CsBre03 melts at 147'' (B. 23, 
1729). 

TrI- and tetrachloro - tetraketo - eycio - hexanes 

They are obtained from chloranilic acid and chlorine. The correspond- 
ing bromine derivatives are made from bromanilic acid (B. 25, 845). 

(6) Ring-ketones from the T etrahydro-henzenes can be synthesised 
by condensing aceto-acetic ester, acetone-dicarboxylic ester, and ana- 
logous compounds with aldehyde iodides, like methylene iodide, or with 
aldehydes in the presence of small quantities of bases, such as diethyl- 
amine or piperidin, to i, 5-diketone-carboxylic esters — e.g. methylene-, 
ethylidene-, iso-butylidene-diaceto-acetic ester and methylene bis- 
acetone-dicarboxylic ester. When the latter are treated with hydro- 
chloric acid in ether, they first form a ring and become carboxylic esters 
of A2-keto-R-hexenes, and then, when acted upon with alkalies or 
dilute acids, are saponified, split off COg, and change to the ketones 
themselves (A. 289, 13 1) : 

CO,.C,Hj CH.CO CHa CO,.C,H,.CH C CH, CH„ C CH, 

I -H.0 ^ 11 J i! 

dH, ► CHjCH ► CHjCH 

COj.CjH, iH.CO.CH, CO, C,H, i o lo 

From acetyl-acetone vith aldehydes we obtain Sg-tetraketone 
(CH3C0CH)2CHR(CHC0CH3)2, which, on twofold ring condensation, 
yields dicyclic systems whose structure has still to be determined 
(B. 30, 2136). 

From the nitroso-chlorides of some cyclo-hexenes A*-cyclo-hexe- 
nones have been prepared by splitting off HCl by means of sodium 
ethylate or sodium acetate and glacial acetic acid, and breaking up the 
resulting oxides with oxalic acid or phthalic anhydrides. 

By reduction with sodium and alcohol we obtain from A^-cyclo- 
hexenones the saturated cyclo-hexanols. But if we reduce with sodium 
amalgam in acid solution, two molecules are combined and we obtain 
derivatives of dikcio-perhydro~di phenyl. 3-Methyl- /ij^-cyclo-hexenono 

two molecules ot hydroxylamine, oximes are lormed. Thus, from 3- 
methyl-A*-cyclo-hexenone we get 3-methyl-3-hydroxylamino-cyclo- 
hexanone-oxime (B. 32, 1315)- 

A*-Cyclo-hexenone b.p.14 63®, bromo-cydo- 

hexanone, on boiling with aniline, or from i, 2-cydo-hexanolone with 
anhydrous oxalic acid. 1 ts unstable dibromide easily passes into phenol 
by splitting off HBr. The oxime melts at 75® and yields aniline on 
boiling with acetic anhydride. Oxamine oxime, m.p. 50® (J. pr, Ch. 
2, 80, 487). 

8-Methyl-A*-cyclo-hexenone b.p. 200®, forms 



462 


ORGANIC CHEMISTRY 


a mobile liquid of pleasant odour. Its bromine addition-product de- 
comj^ses spontaneously into BrH and m-cresol. It seems to exist in 
two isomeric forms, one of which can be mixed with water, while the 
other is difficult to ^ssolve. They are of identical chemical behaviour, 
and both are oxidised by permanganate to y-acetyl-but5nic acid (B. 
40, 2482). The oxime, m.p. 89®, gives, on boiling with acetic anhydride, 
m-toluidin (A. 822 , 382). The hydroxylamino-oxime, m.p. 84®, gives, 
by oxidation with mercuric oxide, a nitroso-oxime. By heating with 
concentrated potash, the 3-methyl-A^yclo-hexenone is changed into 
a polymerisation product resembling an aldol, melting at 113® (B. 82 , 
423 ; A. 297 , 142). With sodium-aceto-acetic ester it combines to 
form 5-diketone-carboxylic ester, which by ring-condensation passes 
into a hicyclic ketone-alcohol (B. 87 , 1671). 

2-MethyI-A^cyclo-hexenone b.p. 179®, from 

the nitroso-chloride of A*-methyl-cyclo-hexene (A. 859 , 303). 

4-Iso-propyl-A*-eyclo-hexenone co/^^=^Vh.c,h,. b.p.i, 94’, 

semi-carbazone, m.p. 185®, is formed by heating sabina-ketone and 
nopinone with dilute sulphuric acid and by the self-oxidation of j 3 - 
phellandrene. It polymerises very easily, especially in the presence of 
alkali. With methyl-magnesium iodide water is split off and a-phel- 
landrene is formed (A. 859 , 270). 

4-Iso-propyl-A^-cyclo-hexenone b.p.jg 95 ®, 

semi-carbazone, m.p. 170®, is formed from the HCl addition product of 
sabina-ketone b}^ heating with dimethyl-aniline. Mineral acids trans- 
pose it into the A*-ketone. With methyl-magnesium iodide it yields 
terpinenol-i (A. 862 , 280), 

1 . 4- Iso-propylidene-cylo-hexanone b.p. 

\Cri,— \Cri3 

220°, semi-caxbazone, m.p. 200°, from the corresponding carboxylic 
ester (C. 1907, II. 1975). 1. 4 > Iso - propenyl - cyclo - hexanone 

C CH.^ b.p.^H, 185° (C. 1904, II. 331). 

8. 5 - Dlmethyl-A^-cyclo-bexenone, bp. 211®. Its dibromide easily 
passes into sym. xylenol (A. 281 , 121) ; its oxime, m.p. 68®-74®, is 
transposed, by heating with HCl, into sym. xylidene (A. 822 , 381). 

6. 6- Dimethyl-A^cyclo-hexenone, b.p.82 85*5°, from dimethyl- 
chloro-cyclo-hexanone, the product of the action of PCI3 upon dimethyl- 
dihydro-resorcin, by reduction with zinc dust. With permanganate 
it gives a-oxy-j 3 i^-dimethyl-glutaric acid and unsym. dimethyl- 
succinic acid (C. 1907, 1 . 1039). 

8 , 5, 5 -Trlmethyl-A*-cyclo-hexenone, iso-aceto-phorone, iso-phorone 

boiling at 89° (10 nun.), is produced 

in the condensation of mesityl oxide with aceto-acetic ester, saponifica- 
tion, and elimination of carbon dioxide from the carboxylic ester 
formed at first. It also results from the condensation of acetone 
by means of lime or sodium ethylate. It is isomeric writh phorone, 
camphor-phorone, iso - camphorone, nopinone, camphenilone, and 
fencho-camphorone. Upon reduction with sodium and alcohol it 
forms dihydro^iso-phorol Cj,Hi7(OH), which by loss of water becomes 
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trimethyl-cych-hexene, and by the reduction of its iodide yields 
trimethyl-cyclo-hexane. When oxidised with potassium , permangan- 
ate the ring is ruptured and various acids result : wMiimetoyl- 
o, 2-diketo-heptylic acid C8HJ4O4, y-acetyl-j 8 / 3 -dimethyl-butyric acid 
C8H,40 j, and uns3nn. dimethyl-succinic acid (C. 1909, 1 . 853). 

The iso-phorone gives two isomeric oximes melting at 75* and 100® 
respectively (A. 297 , 187 ; 299 , 165, 193), which are transposed, by 
heating with HCl to 170°, into i-amido-3, 4, 5-trimethyl-benzol (A. 
822 , 379). Besides iso-phorone, we find among the condensation pro- 
ducts of acetone more highly condensed ketones, the so-called xyli- 
tones CjjHirO, probably formed by condensation of a further molecule 
of acetone with iso-phorone ; the xylitones produced by different con- 
densation agents, such as lime, sodium ethylate, and HCl, seem aU to 
differ from one another. An isomeric xylitone, which, however, is not 
identical with any of the others, and melts at 133° (12 mm.), has been 
obtained by the addition of sodium-aceto-acetic ester and phorone. 
By boiling with formic acid it is split up into acetone and iso-phorone 
(B. 89 , 3441 )- 

2 , 4 , 4 -Trimethyl-A^cyclo-hexenoDe, b.p. 196“, by transformation 
of a-cydo-geraniolene nitroso-chloride (A. 324 , 97). 

8-Methyl-5-iso-propyl-A*-cyelo-hexenone 

boils at 244®. Its dibromide passes readily into sym. carvacrol (B. 26 , 
1089 ; 27 , 2347 ; A. 288 , 357). 

8-Methyl-5-iso-btttyl- and 3-methyl'-5-hexyl-A*-cyclo-’hexenones 

boil at 147® and at 167® (22 mm.) (B. 288 , 336, 344). 

Those chemists who consider the quinones to be ketones regard 
rhodizonic acid as a tetraketo-tetrahydro-benzol derivative. 

4-Methyl- and 2 , 4-dlmethyl-A*-cyclo-hexenones, b.p. 192® and 194°, 
are found among the ketones of wood-tar (C. 1901, 1 . 611). 

Halogen Substitution Products of Ring-ketones of Tetrahydro-benxols 
result when chlorine acts upon phenols, anilines, oxy -benzoic acids, etc. 
They can be very readily broken up. 

Heptaehloro-keto- tetrahydro-benxols and 

melting at 98® and the / 3 -modification 

at 80®, result from the action of chlorine upon m-chloraniline 
(B. 27 , 547 ). 

Ooto - chloro - koto - tetrahydro - benxol or 

’■®sult from the action of chlorine 

upon pentachloro-phenol in glacial acetic acid, and from perchloro-m- 
oxy-benzoic acid. Reducing agents change it into pentachloro-phenol 
(B. 27 . 550 ). 

Hexachloro - 0 - dlketo-tetrahydro-benxol 

melts at 93° with decomposition. It is formed when chlorine acts 
upon pyro-catechol and o-amido-phenol chlorohydrate dissolved in 
acetic acid. Stannous chloride reduces it to cyclo-benzo-quinone. 
Homologous o-diketo-chlorides have been obtain^ from o-dUamido- 
methyl-benzols (B. 27 , 560). 
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Pentaehloro-m-dlketo-tetrahydro-benzol m.p. 

92® and b.p. 160° (25 mm.), results when chlorine acts upon resorcin 
in chloroform (B. 23 , 3777). 

Hexaehloro - m - diketo-tetrahydro-benzol co<^^:lr5.?Va.. m.p. 

\CC1=CC1 / ^ 

115° and b.p. 159® (14 mm.), is produced when chlorine acts upon 
3, 5-dioxy-benzoic acid dissolved in glacial acetic acid (B. 25 , 2688). 

Hexaehloro- p -diketo-tetrahydro-benzol m.p. 

8q® and b.p. 184° (45 mm.), is formed when chlorine acts upon p-amido- 
phenol hydrochloride in glacial acetic acid (A. 267, 16). 

(c) Ring-ketones of the Dihydro-henxols . — There are two possible 
dih\’dro-benzols, and from each one monoketone can be obtained. Both 
bodies are not yet known, but in tetrachloro-keto-dihydro-benzol 

or m.p. io6°, we have chlorine 

derivatives of one or of both keto-dihydro-benzols. The first body 
is formed from trichloro-phenol and chlorine, and the second, most 
conveniently, by heating (B. 27, 546) the heptachloro-keto-tetra- 
hvdro-benzol, melting at 98®, and by treating phenol, anisol, and penta- 
chloraniline with chlorine (B. 28, R. 63). 

Among the ring-ketones of the dihydro-benzols we must also include 
a series of substances obtained as by-products in the action of chloro- 
form and alkali, or of carbon tetrachloride and aluminium chloride 
upon o- and jy-alkylated phenols, e.g, : 


CH=CHV/R rn / CH=CH\^/R ^„/CH-CO V/ 

CH=CH/^\CHCh' \CH=Ch/ VcCla’ \CH=Ch/ \CHC1, 


Thus, compounds which are reconverted into the original phenols 
by reduction with zinc dust and glacial acetic acid, and reduction of 
CH2CI2 or CHCI3, react with phenyl-hydrazin, hydroxylamine, and semi- 
carbozide like ketones (B. 36, 1861). Special interest attaches to the 
further transformations of these ketones with alkyl-magnesium com- 
pounds. The ketones (i) derived from the p-alk3’l-phenols yield 
normal tertiary' alcohols (2) which easily split off water and become 
unstable alkylidene-dihydro-benzols (3), and change into true benzol 
derivatives (4) on heating at ordinary temperatures with migration of 
the CHClj group or the CCI3 group (A. 852, 219). 


(I) 

CH 3 . /CH=CH CH,.\U;I 

ci,ch/^\ch=ch/^ 




(2) 

/CH=CHN^ /OH 

ci,ch/^\ch=ch/^\ch, 

(4) 


Different behaviour is shown by the ketones derived from the 
o-alkyl-phenols. These (5) attach the alkyl-magnesium compounds to 
the carbon double link and form higher homologous ) 3 , y-unsaturated 
ketones (6), which, by the action of concentrated sulphuric acid, dis- 
place the double link and pass into the isomeric o, /5-unsaturated 
ketones (7). The latter, on heating with alcoholic potash, yield 
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I, 4 -dialky 1 -cyclo-hexadienes (8), by a curious reaction with inter- 
mediate formation of p-dialkyl-dihydro-benzoic acids (B. 42, 2404) : 


(5) 

CHg 

Cl.CH 

(7) 


/co-CH\ cH,Mgi . ch ^\^/ co -- ch ;^^ 

nCH=CH/^^ ^ C1.CH/^\CH=CH 




^CO— CH 


C1,CH/ ^ CH^CH,/ 


C.CHj 


( 6 ) 

CH, 
C1,CH 
( 8 ) 

CHaC; 


/CH—CH \ 


By using iso-propyl-magnesium iodide we get a synthesis of a- 
terpinene (Auwers). 

1- Methyl-4-dichloro-methyl-keto-dihydro-benzol, m.p. 55®, changes, 
under the action of PCI5, with intermediate formation of an unstable 
tetrachloride and migration of the methyl group, into trichloro-o-xylol 
Cl[5]CeH3[i]CH3[2]CHCl2. With CH3MgI it forms 1, 4-dime thyl-4- 
dichloro-methyl-oxy-dihydro-benzol (2), m.p. 96°, which easily decom- 
poses into water and l-methylene-4-methyl-4-dichloro-methyl-dihydro- 
benzol (3), a yellowish oil. On heating, the latter transposes into 
l-methyl-^(j3)-dichlorethy 1 -benzol (4), which, with concentrated 
H2SO4, passes into m-xylol-aldehyde, with migration of the methyl 
group. 

4-Methyl - 4- trichloro-methyl- ke to -dihydro- benzol 

oxime, m.p. 134®, from p-cresol, CCl*, 

and AICI3, behaves like the corresponding dichloro-compound (B. 41, 
897). 

2- Metbyl-2-dichloro-methyl-keto-dihydro-benzol (5), m.p. 33®, b.p.^ 
113®, gives, with CIl3MgI, 3, G-dimethyl-G-dichloro-methyl-A^-cyclo- 
hexenone, dichloro-p, y-pidenone (6), b.p. 124® (15 mm.), which is con- 
verted by H 2 SO 4 into the isomeric 3, 6 -dime thyl- 6 -dichJoro-methyl-A^ 
cyclo-hexenone, dichloro-ap-pulenone (7), m.p. 41®, b.p.jg 151®; the 
latter, with alcoholic potash, gives A^*®-dlhydro-p-xylol (8), and by 
reduction with Na and alcohol 3, 6 , 6 -trimethyl-cyclo-hexanol or 
pulenol. 

The mcthylenc-qninones and quinols, discussed in connection with 
phenol alcohols, are probably also monoketoiies, derivable from 
A^*-dihydro-benzol : 




co<( 


CH=-CH\ /R 
CH---CH/ \OH’ 


Each of the possible dihydro-benzols also yields a diketone : 

XCH^CH^ 

o-Bcnro-qulnone, ^^'NrO p-Bexuo-qmnone, 

o-diketo-dibycun>-beiuol nCH=^CH/'" p-diketo-dihydro-bcnlwl 


If the diketone formula is preferred for the benzo-quinones, pre- 
viously discussed with the phenols, then p-benzo-quinone is p-diketo- 
dihydro-benzol, and its numerous derivatives are also deducible from 
the latter compound. o-Benzo-quinone would be o-diketo-dihydro- 
benzol. 

VOL. II. 2 11 
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(5) Hydro-aromatic Aldehydes. 

Concerning the production of hydro-aromatic aldehydes, which is 
connected in general with well-known reactions, we must remark 
that their production from the calcium salts of the hydro-aromatic 
carboxylic acids, by distillation with calcium formate, is not a straight- 
forward reaction, and is often accompanied by transpositions. On 
the other hand, the conversion of the hydro-aromatic carboxylic acids 
into the corresponding aldehydes, by the transformation of the acid 
anilides into the anilide chlorides (i), and diphenyl-amidines (2), the 
reduction of the latter with sodium and alcohol (3), and the splitting 
up of the resulting alkylidene-dianilines with dilute sulphuric acid (4), 
can be successfully carried out (B. 41 , 2064). 

RCONHC.H, — RCCijNHC.H. 

(3) 

Ji)_^ RCH0+2C,H,NH,. 


Hexahydfo-benzaldehyde CgHji.CHO, b.p. 162®, is formed (i) by 
oxidising cyclo-hexyl-carbinol with chromic acid ; (2) from the 
glycol of methenc-cyclo-hexane with dilute H2SO4 (A. 347 , 331) ; (3) 
from the synthetic cyclo-hexyl-glycidic ester by saponification and 
CO* rejection (C. 1906, I. 1423). It smells of oil of bitter almonds 
and valeraldehyde, and polymerises readily to meta-hexahydro-benz- 
aldehyde (C,Hi20)2, m.p. 202® (B. 40, 3050). Oxime, m.p. 91° ; semi- 
carbazone, m.p. 174°. By methods 2 and 3 numerous homologous 
aldehydes have been obtained : 0-, m-, and p-hexahydro-tolyl-alde- 
hydes' CHj.C^HjoCHO, b.p.js 61®, 60®, and 63®. 2, 6, 6-Trimethyl-hexa- 
hydro-benzaldehyde, b.p.jo 59®, by reduction of jS-cyclo-citral with H 
and colloidal palladium (B. 42, 1635). 

A'-Tetrahydro-benzaldehyde CgHg-CHO, an oil smelling strongly of 
benzaldehyde, formed by HCl rejection from the nitroso-chloride of 
methene-cyclo-hexane, by meaub of sodium acetate and glacial acetic 
acid. Oxime, m.p. 58®. Semi-carbazone, m.p. 212®. In a similar 
manner the tetrahydro^tolyl^-aldehydes are formed (A. 359 , 292). 
A^-Tetrahydro-benziJdehyde, b.p.j^ 58®, from A^-bromo-cyclo-hexene- 
magnesium and orthoformic ester (B. 43 , 1040). 

2, 6, 6-Trimethyl - tetrahydro - 2 - benzaldehydes, cyclo - citrals. — Of 
these aldehydes, important for the synthesis of violet perfumes, all 
four linkage isomers are known : 


CHaCH* 

\/ 

C 

HaC CCHO 

1 

H,C CXH. 
A‘- or 

^J-cydo-dtral 


CHaCHa 

Y 

x\ 

H,C CH.CHO 

I I 

H,C CCH, 

Y"/ 

CH 

A*- or 

a-cyclo-citra4 


CHaCHa 

CHaCHa 

Y 

Y 

H,C CH.CHO 

HcfYn.CHO 
II 1 

HC CH.CH, 

j 1 

HC CH.CHa 

CH 

Y, 

A*-cyclo-citra3 

A*-cyclo-citrat, 
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a-CycIo-eitraL b.p.^ 90®-95®, D 0.925, semi-carbazone, m.p. 204®, 
and jS-eyclo-cItral, b.p.ip 88^-91®, Dgo 0.957, semi-carbazone, m.p. 
167®, are obtained together from the a-cychc terpene-alcotol citral by 
allowing it to react with aniline, and then condensing to a ring by means 
of sulphuric or phosphoric acids (C. 1901, II. 716). See also B. 
3720. They are also produced by the oxidation of cyclo-geraniol. 
a- and )8-Cyclo-citral oxidise in air to the corresponding cyclo-geranic 
acids. With acetone and sodium alcoholate a-cyclo-citraJ condenses 
to a-ionone, and j8-cyclo-citral to /3-ionone. 

For the synthesis of A*- and A^-cyclo-citrals we start from iso- 
phorone-carboxylic ester (i), which, by reduction with Na, yields a 
mixture of cis-trans-isomeric oxy-acids (2), which, on discarding water, 
pass into A*-cyclo-geranium acids (3). PClj changes the iso-phorone- 
carboxylic ester into 4-chloro-2. 6.6-trimethyl cyclohexadiene carboxylic 
acid (4), from which, by reduction, together with the A®- and A*-acids, 
A^-cyclo-geranic acid (5) is obtained : 


CH, CH, 

/\ 

HC CH.CO,H-. 
11 I 

HC CH.CH, 

X 


CH, CH, 

U)C 

/\ 

-HC CH.CO.H^ 

II I 

CIC CCH, 

CH 


CH, CH, 
(i) c 


CH, CH, 

\y 

[2) C 


/\ 

-H,C CH.CO.R — ►H.C Cri.cOjH — J-HjC 


I I 

OC C.CH, 
CH 


HOHC CH.CH, 

\/ 

CH, 


CH, CH, 

\/ 

(3) C 

/\ 

CH.CO,H 


HC CH.CH, 

' / 

/ 

CH 


The A*- and A*-cyclo-geranium acids so obtained are changed by 
the method given above into A^-cyclo-citral, b.p.^g 76®, and A^-cyclo- 
citraL With acetone the A^-cyclo-citral condenses to a-irone, and 
the A*-cyclo-citral to /3-irone, which is identical with the irone ex- 
tracted from violet roots (Merling and Welde, A. 366, 119), Isomeric 
trimethyl-tetrahydro-benzaldehydes, see C. 1903, II. 78. 

Dlhydro-benzaldehyde C^,H 7 .CHO, b.p.120 122®, is formed from 
anhydro-eegonin dibromide (^.r.) with sodium carbonate. By gentle 
oxidation with AggO it gives A^»*-dihydro-benzoic acid (B. 26, 454 ; 
31, 1545)- 

Dihydro-cumin-aldehyde CgH^.C^jHg.CHO, semi-carbazone, m p. 
202° ; oxime, m.p. 43® ; by reduction of nitro-j3-phellandrene (A. 

840, 3 ). 

(6) Extra-cyclic Hydroaromatic Ketones. 

Among these compounds we have the important violet perfumes, 
irone and the ionones. 

Preparation, — (i) Oxidation of extra-cyclic secondary alcohols ; (2) 
from a-alkyl-cyclo-hexyl-glycidic esters by saponification and rejection 
of COj ; (3) by condensation of cyclo-hexanone with acetic ester and 
sodium ; (4) ring-unsaturated ketones are obtained from the nitroso- 
chlorides of alkylidene-cyclo-hexanes by deprivation of HCl and split- 
ting up the resulting oximes (A. 860, 39). 

Hexahydro-aceto-phenone CeHjj.COCHa, b.p.„ 68®, by methods 
I and 2, and from the synthetic a-acetyl-cyclo-hexane-carbox^dic ester. 
2-, 8- and 4-Methyl-hexahydro-aceto-phenone CH 3 .CeH,o.COCH 3 , b.p.^g 
78®, b.p.jg 99®, and b.p.jg 75®, by method 2 (C. 1007, II. 332). 

1, l-MetIiyl-a«etyI>e)rclo-hexane b.p.„ 
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83®, from iso-propyl-cyclo-hexane-i, 7-diol with dilute SO4H, (C. 1910, 
II. 466). 

Hexahydro-propio-phenone CjH^.CO.CHj.CH,, b.p. 196®, by oxida- 
tion of cydo-hexyl-ethyl-carbinol, or by action of zinc ethyl upon 
hexahydro-benzoyl-chloride (B. 42 , 2230). 

Cyclo-hexyl-acetone CeHjj.CHj.CO.CHj, b.p. 196®, from cyclo- 
hexyl-aceto-acetic ester (B. 42 , 2236). 

2 -Aeetyl-cyelo-hexanone C4H4O.COCH3. b.p.jg iii®. by method 3. 
Alkalies break it up into acetyl- capronic acid. It can be alkylated 
by means of sodium and alk>’l iodide (C. 1906, I. 252). 

3 , 6-Methyl-acetyl-cyclo-hexanone CgHgOb, 6](CH8)(COCH3), b.p.14 
122® (C. 1901, I. 683). 2 -Propionyl-cyelo-hexanone C4H9O.COC2H5, 
b.p.2, 123®, is formed by nuclear synthesis from z-ketononylic ester 
and Na ethylate (C. 1909, II. 119). 

A^-Tetrahydro-aceto-phenone 'Benue'S)""®- b.p. 201®. 

from the nitroso-chloride of ethylidcne-cyclo>hexane, and by the action 
of acetyl chloride and AICI3 upon cyclo-hexene. Oxime, m.p. 99® 
(C. 1910. I. 1785). 

4 -Methyl-A^-tetrahydro-aceto-phenone, b.p. 213®. An isomeric 
4 -methyl-A^-tetrahydro-aceto-phenone, b.p. 206®, has been obtained 
by the oxidation of /S-terpineol (A. 324 , 89). 

Irone (formula below), b.p. 144°, D^o 0939, [a]D=+44®, was 
obtained by Tiemann and Kruger (B. 26 , 2675) from the etheric 
oil of so-called violet root of Iris floreniina, Iris germamca, and 
Iris pallida. When diluted, it possesses an intense smell of violets. 
On boiling with HI and P, irone splits off water and forms irene, 
a hydrated naphthalene hydrocarbon, which can be broken up by 
a scries of oxidations into dehydro-irene, iregenone-di- and tri- 
carboxylic acid, ion-iregene-tricarboxylic acid, and dimethyl-homo- 
phthalic acid : 

CH3CH3 

\ ^ ' 

C CH 

HC CH CH 

HC CH <!:o.cH4 

\ 

CHjCHa 
Irone 


a-Ionone. b.p.„ 127°, D,, o-930i. and ) 3 -Ionone, b.p.,, 127“, D*, 
0 9442 (Tiemann, B. 26 , 2691 ; 81 , 808), possess an intense odour 
of violets closely approaching that of irone, and they are therefore 
made on a large scale. Their occurrence in the vegetable kingdom 
has not yet b^n established with certainty. They are formed by 
condensation of a- and /S-cj^clo-citral with acetone and sodium ethylate, 
or by inversion of pseudo-ionone by means of concentrated sulphuric 
acid, phosphoric acid, or by heating with aqueous salt solutions to 
190® under pressure (C. 1905, I. 783). 

In the latter case we obtain a mixture of various quantities of 


CHjCH. 

C CH 

/N/ 

HC CH cH — 

HC cIh d CH, 

CH.CH 

Irene 


CH.CH, 

\/ 

C CH 

HC^C CH 

II I 

HCO.C CCO.H 

CO CH 
Iregenonc- 
tricarboxylic acid 


CHgCH, 


CH 


► Hd^^ CH 
II < 

C CH 

/^/■' 

HCO.CH 

Dimethyl- 

homo-phthalic 

acid 
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a- and /3-ionone, the formation of which can be explained by the 
successive attachment and rejection of water : 

CH, CH. 

V 

h.A .CH : CH.COCH, 

CH. CH. CH, CH, 


V 

C COH 

CH.CH : CH.COCH, H.cf^ CH,.CH : CHCOCH, 

1 11 ► I I 

H,C C.CH, H,C QOH).CH, 

Yh. 


^udo-ionont 


CH, 

PaeudO'ioQone hydrate 


H,C C.CH, 

Y. 

$-louom 
CH, CH, 

V 

/\ 

H,C CH.CH : CHCOCH, 

I I 

H,C C.CH, 

CH 

a-loDone. 


The pseudo-ionone hydrate, assumed as an intermediate product, 
has been isolated (C. tqo6, II. 723). The constitution of the two 
lonones follows from their decomposition products ; a-ionone gives, 
on oxidation, ) 9 j 3 dimethyl-adipinic acid ; jS-ionone gives aa-dimethyl- 
adipinic acid. 


(7) Hydro-aromatic Carboxylic Acids. 

Attached to the hydro-aromatic hydrocarbons, alcohols, amines, 
aldehydes, and ketones are numerous hydro-aromatic carboxylic acids. 
In addition to the simple carboxylic acids, oxy- and keto-carboxylic 
acids are also known. Shikimic and quinic acids belong to the first 
class, while in the second class we find succino-succinic ester and other 
important ketone-carboxylir esters, which are of great value in the 
synthesis of the simple hydro-aromatic derivatives. 


I. Hydro-aromatic Monocarboxylic Acids. 

A direct introduction of the carboxyl group into the nucleus of 
hydro-aromatic substances can be brought about by the action of 
COg upon the cyclo-hexyl-magnesium haloids : 

C,HuI C,H„CO*MgI C,H,,CO*H. 

But the transposition of halogen-cyclo-hexanes with KCN or Na 
malonic ester either does not succeed at all, or is uneconomic, since 
cyclo-hexenes arc mostly formed and H haloids split off : 


1-Metbyl-oyolo-hexane-l-carbozylicacid m.p. 39*’. 

b.p. 

234 ** 

(B. 40, 2069) 

trans-Hezahydro-o-tolnylio acid . 

m.p. 51°, 

bp. 

24I®1 

► (B. 41. 2679) 

oia-Hezahydro-o-tolaylio acid . 

. liquid, 

bp. 

236'’ J 

Hezabydro-m-toluylic add . 

. liquid, 

b.p. 

240® 


o^Hezahydro-p-toluylic add 

. m.p. no®. 

b.p. 

246® 


^-Hezahydro-p-toluylic add . 

. liquid 




2, 4-Hezahydrozylylio add 

• n>-P- 77 *. 

b.p.40 

156’ 


3, 4-Hezahydrozylylic add 

. liquid. 

b.p. 

251' 


2, 6-Hezahydiozylylic add 

m.p. 72®, 

b.p. 

251* 


8, 6-Hezahydiozylylio add 

• liquid. 

b.p. 

139* 


Hezahydro-onmiiiio add 

• m.p. 96*. 
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Hexal^dro - benxoie Acids, hexamethylene - carboxylic acids, 

naphthenic acids, have been obtained by the reduction of boiling amyl 
or capryl solutions of benzoic acid and its homologues with metallic 
sodium, or by reducing the solution of sodium benzoate with sodium 
in an atmosphere of CO, (B. 24 , 1865 ; 25 , 3355). So far as present 
experience warrants, they are isomeric and not identical (B. 27 , R. 195, 
197) with the " natural naphthenic acids '' occurring in the oil which 
issues from the earth in and about Baku. Just as fatty acids have been 
prepared from malonic acids, so hexamethylene-monocarboxylic acids 
have been obtained by heating hexamethylene-i, i-dicarboxylic acids. 
The latter bodies have been prepared synthetically. 

The hexamethylene-carboxylic acids are weak acids. They are 
reduced, when heated with hydriodic acid, to hexahydro-aromatic 
hydrocarbons — naphthenes, containing a like number of C-atoms in 
the molecule. Hence they are also designated as naphthenic acids. 

Hexahydro-benzoio acid, naphthenic acid CeHii.C02H, melting at 
28° and boiling at 232®, results from the reduction of benzoic acid, 
A*-tetrahydro-benzoic acid (A. 271 , 261), p-dimethyl-amido-benzoic 
acid (B. 27 , 2829), and cyclo-hexanol-i-carboxylic acid (B. 27 , 1231) ; 
also by heating hexamethylene-i, i-dicarboxylic acid, and from chloro-, 
bromo-, and iodo-cyclo-hexane with Mg and CO, (B. 35 , 2688). The 
calcium salt (C7Hii02)2Ca+5H,0. The methyl ester boils at 182®. 
The ethyl ester boils at 194®, and the amide melts at 185®. The chloride 
boils at 179® (B. 30 , 1941). 

The acids are prepared partly by the reduction of the corresponding 
benzol-carboxylic acids, and partly by the action of Mg and CO2 upon 
the halogen-cyclo-hexanes. Hexahydro-o-toluic acid is formed from 
2-methyl-cyclo-hexane-i, i-acetyl-carboxyhc ester and i, i-dicar- 
boxylic ester. The liquid cis-acid has been obtained by reduction of 
its bromine substitution product. The liquid p-hexahydro-toluic 
acid has been obtained from tropilidene-carboxylic acid (/. pr. Ch. 2, 
57 , 102 ; B. 32 , 1167 ; C. 1899, II- 387)- 

a-Monobromo-hexahydro-benzoic acid, melting at 63®, and a-Hono- 
bromo-hexahydro-p-toluic acid, melting at 71®, are produced by acting 
with bromine upon the chlorides of the corresponding hexahydro-acids. 
From hexahydro-m-toluic acid two isomeric monobromo-derivatives 
arc obtained, melting at 118® and 142® respectively (B. 32 , 1167). 

a-Amido-hexahydro-benzoic acids have been obtained by action 
of ammonium cyanide upon cyclo-hexanones and saponification of the 
resulting a-amido-acid nitriles (B. 41 , 2925). 

a-Amldo-hexahydro-benzoic acid C5Hio> C(NH,)COOH, m.p. 335®. 
Hexahydro - anthranilic acid, 0 - amido - hexahydro - benzoic acid 
NH2[2]C,Hio.C 02H melts with decomposition at 274®. It is formed 
along with pimelic and hexahydro-benzoic acids in the reduction of 
anthranilic acid with Na and amyl-alcohol (B. 27 , 2470 ; A. 295 , 187). 
Hexahydro-m-amido-benzoic acid, m.p. 269®, ethyl ester, b.p.^x 123®, 
from m-amido-benzoic acid by reduction with Na and ethyl- or amyl- 
alcohol, together with other bodies (A. 319 , 324). Hexahydro-p- 
dlmethyl-amido-benzoic acid (B. 27 , 2831). 

Derivatives of o-amido-hexahydro-phenyl-acetic acid and propionic 
acid result on oxidising dekahydro-quinolin compounds with potassium 
permanganate. 
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rcH,.CH, « . . 

Oolohydro-carbostyrll melting at 15 1®, is poisonous 

(B. 27 , 1472). Numerous further amido-cyclo-hexane'K:arboxylic acids 
have been obtained from the oximes of the cyclo-hexanone- and cyclo- 
hexenone-carboxylic ester by reduction with Na and alcohol (B. 40 , 4167). 

trans-Dlethyl-hexahydro-benzyl-amine-o-carboxylic aeid (C2H5)2N 
CH2[2]CeHioCOOH. m.p. 101°, from o^iethyl-benzyl-amine-carboxylic 
acid, by reduction with sodium and amyl-alcohol. By heating with 
alkalies it is transposed into the more strongly basic, betain-like, oily 
cis-acid, which is easily decomposed into diethyl-amine and o-methylol- 
hexahydro-benzoie acid HOCHj.CgHjoCOOH, m.p. 112°. This latter 

acid, on heating, gives hexahydro-phthalide (A. 300 , 

161). 

For hexahydro-p-benzyl-amine- and p-diethyl-benzyl-amine-car- 
boxylic acids, see A. 310 , 189. 

Tetrahydro- benzoic Acids can be obtained from the monoxy- 
and monobromo-cyclo-hexane-carboxylic acids by splitting off HjO 
or HBr, and also by the reduction of the benzoic acids and dihydro- 
benzoic acids (B. 26 , 457). 

A^-Tetrahydro-benzoic acid ch,< ^ ^-P* 

240®. is formed from a-bromo-hexahydro-benzoic acid and from A^'®-di- 
hydro-benzoic acid. Also from AMetrahydro benzoic acid by boil- 
ing with alcoholic potash (B. 33 , 3455 )- 

A^-Tetrabydro-benzoic acid, benzoleimc acid 

CO,H, is a liquid boiling at 234° (A. 271 , 234 ; B. 27 , 2471). It is 
formed from benzoic acid. 

A’-Tetrahydro-benzoic acid ^”’)>chcooh, m.p. about 

b-P- 237°, from 3- and 4-bromo-cyclo-hexane-carboxylic acid, 
and by the action of COg and Mg upon A^-bromo-cyclo-hexene (C. 
1907, I. 1408 : B. 43 , 1039). 

Of the tetrahydro-toluic acids, the following seven are known, which 
are all obtained from the various bromo-methyl-cyclo-hexane-car- 
boxylic acids by HBr, regenerative by means of qumolin, pyridin, etc. : 

A^-Tetrahydro-o-tolnio add 

A^-Teirahydro-m-tolnio add 

A*-Tetrahydro-m-toliiio add 

A*-Tetrahydro-m-toliiio add 

A'-Tetrahydro-m-toloio add 

^ ^ 

A‘*T#trahydio-p-tolnio acid C.CO,H nj.p. 133 . 

CH,C=rCH CH, , , 

A'-Tetnbydzo-p-tolnie add Ch.co,h ‘ 

‘ C. 1005, II. 766. • C. 1905. II. 767. • C. 1907. 1 - 1409. * c. 1909, I. 172 ; 
• C. 1905, II. 767. • A. 880 , 159 ; C. 1906. II. 342. ’ c. 1909. I- 170. 


CH,— CH, C.CH, 

CH,— CH, C.CO,H 

CH,.CH(CH,).CH 
CH, -CH, -C.co,h 
CH,.C(CH,)=CH 

CH,— CH, CH.CO,H 

CH : CiCHj)— CH, 

CH,— CH, CH.COjH 

CH,.CH(CHs).CH, 

CH, CH.=::C.CO,H 


m.p. 87®.* 
liquid b.p.,, 150°.* 

.. bp«« MI*-* 

„ b.p.,,, 185®.* 

m.p. 59 ® * 
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The A*- and A*-tetrahydro-p*toluic adds and the A*-tetrahydro- 
m-toluic add have been split up into their optically active constituents 
by means of their brucin and strychnin salts. Starting from A*-tetra- 
hydro-m-toluic acid, sylvestrene and carvestrene {q.v.) have been built 
up, and, starting from AMetrahydro-toluic acid, a-terpineol and di- 
pentene (see below) (Perkin, jun.). A'-Tetrahydro-E, 6 -xylylic acid, 
m.p. 90° (C. 1899, II. 387). 

a-Cyelo-geranic acid, 2,6,6-trimethyl-\*-tetrahydro-benzoic acid 
‘^”*'\Ch"^C(Ch') ^CHC0,H, m.p. 106“, b.p.„ 138°, is formed, together 

with the isomeric j3-cycIo-geranic acid, m.p. 94 ®, from geranic acid with 
concentrated sulphuric acid ; its constitution is proved by its disintegra- 
tion into a-acetyl-dimethyl-adipinic ester acid, and )8j8-dimethyl-adi- 
pinic acid (B. 31 , 828, 88r ; 33 , 3713). A*-Cyclo-geranic acid, 2, 6, 6- 
trimethyl-A^-tetrahydro-benzoic acid, m.p. (a) 76®, (jS) 84®, from oxy- 
dihydro-cyclo-geranic acid, used for preparing A-'^-cyclo-citral (B. 41 , 
2066). From the cyano-hydrin of dihydro-iso-aceto-phorone we obtain 
by saponification and elimination of HjO, a 3 , 3 , 5-trimethyl-tetra- 
hydro-benzoic acid, m.p. 140®, b.p.,e 154® (C. 1903, 1 . 1245). 

Dihydro-benzoic Acid s. --A^>^- Dihydro-benzoic acid 

^C.CO.H, m.p. 94®. is produced in the oxidation of 

^ Crlj.C H.,/ 

dihydro-benzaldehyde, boiling at I2i°'-I22®, with silver oxide. A 
different dihydro-benzoic acid, melting at 73®, is obtained from Aj- 
tetrahydro-benzoic acid dibromide (B. 24, 2622). Dihydro-cumic acid, 
p-iso-propyUdihydro-benzoic acid QHe(C8H7)COOH, m.p. I30®-I33®, 
is formed when nopic acid, an oxidation product of j8-pinene, is boiled 
with sulphuric acid (B. 29, 1926). 

Hexa-, Tetra-, and Dihydro-phenyl Aliphatic Acids, Hexa- 
hydro-pbenyl-acetic acid CeHn.CH2.COOH, m.p. 33®, b.p. 244°, from 
cyclo-hexyl-malonic acid or from hexahydro-benzyl chloride and iodide 
With Mg and COj (B. 40, 2067). Hexahydro-phenyl-propionic acid 
CeHij.CHj.CHgCOOH, b.p.jj 143®, from hexahydro-benzyl-madonic acid. 
Amide, m.p. 120® (B. 41, 2676). 

T etrahydro-phenyl fatty acids are formed by detaching water from 
the corresponding i, i-cyclo-hex<inol fatty acids, or their esters, ob- 
tained by the action of bromo-aliphatic esters and zinc upon cyclo- 
hexanones. According to the dehydrating agents used, whether PjOj 
and HKSO4 or acetic anhydride, we obtain either the ring-unsaturated 
cyclo-hexene fatty acids or the isomeric cyclo-hexylidene fatty acids, 
with semi-cyclic double-binding : 


„ (CH..CO).0^„ /CH.-CH.V/OH 

>C.CI 


•■.o, j CH,/ 




On heating, both series of acids split off CO,, and change into alkyli* 
dene-cyclo-hexanes (A. 865 , 255). 

From the easily synthesised cyclo-hexenones we immediately obtain 
with ririr. and bromo-acetic ester, instead of oxy-acids, cyclo-hexadiene- 
carboxylic acids, which probably contain both double linkings in the 
ring, and which, on heating, split off CO, and yield dihydro-beuzol 
derivatives (A. ZXh, 136}. 
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A^-Cyclo-hexene-acetic acid, m.p. 38 ®, on oxidation with KMn 04 , 
probably forms first an aldehyde-ketonic acid and then A^-acetyl-cyclo* 
pentene (B. 42, 145). A^-Cyclo-hexene-acetlc acid, m.p. 12® ; see C. 
1909, II. 2146. 4-Methyl- A*-cyclo-hexene-acetic acid, m.p. 42® (C. 
1909, 1. 286). A^-Cyclo-hexene-iso-butyric acid, m.p. 72®. 

Cyclo-hexylidene-acetic acid (CH2)5 : C : CH.CO,H, m.p. 92®. The 
4-methyl-cyclo-bexylidene-acetic acid, m.p. 66® (inactive), has a special 
theoretical interest, since, without containing an unsym. carbon atom, 
it can be split up, by means of its brucin salts, into two optically active, 
mirror-isomeric acids, m.p. 52®, [a]D=+8i®. The acids owe their 
optical activity to the existence of an enantiotropic molecular structure. 
In fact, the molecule of 4-methyl-cyclo-hexylidene-acetic acid, 

H/' \CH,— CH,/ • \CO,H HCO,/ \CH,— H * 

in which the links in the plane of the paper are indicated by solid lines, 
and the links at right angles to the paper by dotted lines, contains no 
plane of symmetry ; in other words, object and mirror image can be 
brought to coincide (A. 871, 180 ; cp. also Vol. I.). 

1, 3-Methyl-cyclo-hexadiene-acetic acid CHaCeHjCHgCOgH, m.p. 
171®, from 3-methyl-cyclo-hexenone. 

1 , 3, 5-Dimethyl-cyclo-hexadiene-acetie acid 
m.p. 151®, b.p.15 170®, from 3, 5-dimethyl-cyclo-hexenone. 

Addendum, — Hexahydro-phenyl-acetylene-carboxylic acids : 

Hexahydro-phenyl-propiolic acid C.COjH, b.p.i, 139®, from 

hexahydro-phenyl-acetylene sodium and CO, (C. 1909, II. 208). Hexa- 
hydro-phenyl-tetrolic acid CeHu.CHj.C CO,H, m.p. 75®, from cyclo- 
hexyl-allylene (C. 1910, II. 387). 

Hexahydro-oxy -benzoic A rids, — a - Oxy - cycle - hexane - carboxylic 
acid, a-oxy-hexahydro-benzolc acid, cyclo-hexanol-i-carboxylic acid 

melting at 106®, is formed when cyclo- 
hexanone, in ether, is treated with prussic and hydrochloric acids 
(C. 1909, II. 1869). a-Oxy-3-methyl-cycJo-hexane-carboxylic acid, 
b.p.,2 164® ; see C. 1907, I. 1407. 2-, 3-, and 4-Oxy-cyclo-hexane-car- 
boxylic acids are formed by reduction of the oxy-benzoic acids or the 
cyclo-hexane-carboxylic acids with sodium and alcohol. They usually 
occur in cis-trans-isomeric forms, out of which the cis-forms of 3- and 
4-oxy-cyclo-hexane-carboxylic acids pass easily into lactones with 
elimination of water. 

Hexahydro - salicylic acid, (j3-) hexahydro - 0 - oxy - benzoic acid 

III®, results when nitrous acid acts 

upon hexahydro-anthranilicacid and byreducing^-keto-hexamethylene- 
carboxylic ester (B. 27 , 2472, 2476). 

Hexahydro-m-oxy-benzolo acid, m.p. cis- 132°, trans- 120°, is ob- 
tained by the reduction of m-oxy-benzoic acid with sodium in ethyl 
alcohol (B. 29 , R. 549 : C. 1907, 1 . 1408). 

Hexahydro-p-oxy-benzoio acid, m.p. 121°, from i, 4-cyclo-hexanone- 
carboxylic acid (C. 1904, 1 . 1082). 

2-, 4-, 5>, and 6 -Methyl-8-oxy-eyoIo-hexanone-earboxylie acids have 
been obtained from the corresponding oxy-toluic acids (C. 1910, 1 . 270). 
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S-Methyl-oxy-eyelo-hexane-earbezylle ae^ cis- m.p. 140*, trans* 
in.p. 116*, from the corresponding ketonic acids (C. 1909, 1 . 172). 

4 >Met^]- 4 -oxy-eyeIo-bexans-earboxyllo acids, m.p. 153°, lactone 
m.p. 70*, from 1, 4-cyclo-hexanone-carboxylic ester and CHjMgl (C. 
1904, 1. 1604). 

Ozy-dlhy^o-cyolo-geranle acid, h-oxy-cyclo-geraniolane-carhoxylic 
acid ds- (a) m.p. 145®, trans- (a) 

m.p. 155®, lactone m.p. 58®, cis- (j 3 ) m.p. 158°, trans- (j 3 ) m.p. 38®, is 
formed in two stereo-isomeric pairs each by reduction of iso-phorone- 
carboxylic ester with Na and alcohol. By the action of dehydrating 
agents, all of these pass, more or less easily, into A^-cyclo-geranic acid 
(A. 366 , 15 1). 

3 , 5 , 5 -Trimethyl-hezahydro-salicylic acid, m.p. 180®, b.p.io 204®, 
from trimethyl-) 3 -keto-hexamethylene-carboxylic acid (C. 1903, II. 78). 

Hexahydro-dioxy-benzoie acid is obtained from A^-tetrahydro- 
benzoic dibromide (A. 271 , 280). 

Dihydro-shikimie acid, hexahydro-trioxy-henzoic acid (HOlaQHp,. 
COjH, m.p. 175®, results when shikimic acid is reduced with sodium 
amdgam. 

Quinic acid, hexahydro-tetraoxy-benzoic acid (H0)4.CeH7.C02H, 
m.p. 162®, optically active, is present in cinchona bark, in coffee beans, 
in bilberry, and, in small quantities, in hay and sugar-beet. It is ob- 
tained as a secondary product in the preparation of quinine, by ex- 
tracting the quinia bark. When its calcium salt has been purified by 
recrystallisation, the acid is liberated by oxalic acid. Upon distilla- 
tion, the acid breaks down into phenol, hydroquinone, benzoic acid, 
and salicyl-aldehyde. When boiled with water and lead peroxide it 
changes to hydroquinone, while manganese peroxide and sulphuric 
acid convert it into quinone. Proto-catechuic acid is formed when it 
is melted with caustic potash or soda. Ferments decompose calcium 
quinate into proto-catechuic acid. If air is excluded while the fermen- 
tation takes place, the products are formic acid, acetic acid, and pro- 
pionic acid. Quinic acid is reduced by hydriodic acid to benzoic acid. 
The ealcium salt has the formula (C7Hii04)2Ca+ioH20. The methyl 
ester, m.p. 120®. Amide, m.p. 132®. Tetracetyl-ethyl ester CeH7 
(0.C0CH,)4.C02C2H5 melts at 135® (B. 22 , 1462). 

Inactive qui^e acid is produced when its lactone, quinide, is boiled 
with milk of lime. Calcium salt (C7Hix0e)2Ca+4H20. 

Quinide C7H10O4, m.p. i^®, optically inactive, results upon heating 
ordinary optically active quinic acid to 220®-240® (B. 24 , 1296). 

Dioxy-^ydro-shiklmic acid, hexahydro-pentaoxy-benzoic acid 
(HO),C,H, .COjH, melts at 156® with the elimination of water. It is 
optic^y inactive, and is obtained from the bromo-lactone, melting at 
235®, which is formed in the action of baryta water (B. 24 , 1294) upon 
dibromo-shikimic acid. 

Shikimic acid, trioxy-tetrahydro-benxoic acid (H0)3C4H4.C02H, 
m.p. 184®, occurs in the fruit of lllicium religiosum. Its transposition 
pr^ucts, dihydro- and dioxy-dihydro-shikimic acids, have been 
previously described. 

Hexahydro-oxy-phenyl FaUy Acids, — 1 , l-Cyclo-hexanol-acctlc acid 
CgHi^ : C(0H).CU2C02H, m.p. 63®. 1 , 4 -Methyl-cyclo-hexanol-acetie 
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aetd CHj.CjHg : C(OH).CH,.COj|H, a*acid, in.p. 141®, ) 5 -acid, m.p. 90®. 
i» 4 -IIethyl- 6 yelo-hexanoI-propioiiie aeid CHj.CeH, : C(OH).CH(CH8). 
COjH, m.p. no®. These esters are produced by condensation of 
cyclo-hexanones with bromo-aliphatic esters and zinc (A. 860 , 26 ; 365 , 
261). 

Hexahydro-mandelie aold CeHjx.CH(OH).COOH, m.p. 166®, from 
hexahydro-phenyl-acetaldehyde-cyano-hydrin (B. 41 , 2677). 

Cyelo-hexyl-glycidic esters like : do.dH.COjCjHj, b.p.j, 128®, 

and [CH2]5 : (I).0.t(CH8)C02C2H8, 155®, are formed by condensa- 

tion on cyclo-hexanones and chloracetic esters or chloro-propionic ester 
with sodium ethylate. 

The glycidic acids produced by saponification easily break up into 
CO2 and aldehydes or ketones (C. 1906, I. 1423 ; 1907, II. 332). 

Keto-hydro-monocarho xylic A cids, i , 2-cy clo-hexanone-carboxylic 
acids and their esters are produced (i) by cyclic aceto-acetic-ester 
condensation of pimelinic ester and its alkyl-substitution products by 
means of sodium (A. 817 , 27) ; (2) from cyclo-hexanone oxalic esters, 
the condensation products of the cyclo-hexanones with oxalic ester, 
on heating with rejection of carbon monoxide (A. 850 , 211) ; (3) by 
the action of sodium amide and CO 2 upon cyclo-hexanones in ether 
solution (C. 1910, II. 1378). 

1, 2-Gyclo-hexanone-carboxylic acid m.p. 

80®, with rejection of CO2. The ethyl ester boils at 107® (ii mm.), 
and is formed by the above methods. Like the jS-keto-pentamethylene- 
carboxylic ester, it is a cyclic analogue of aceto-acetic ester. It is 
broken up by dilute sulphuric acid into cyclo-hexanone, and by boiling 
with alcoholic potash into pimelinic acid. With sodium alcoholate 
and methyl iodide it gives 1-methyl-l, 2-cyclo-hexanone-earboxylie 
ester, b.p. 108°. It is split up by alcoholic potash to a-methyl-pime- 
linic acid ; with ammonia the i, 2-cyclo-hexanone-carboxyiic ester 
produces tetrahydro-anthranilic ester C8H8(NH2)C02R, m.p. 74® (A. 
317 , 93). Special interest attaches to the 4 -metbyl-l, 2 -eyclo-heza- 

none-oarboxylic ester CH8 .ch<^^^*^JJ*^hco,c,h„ b.p.^, 123®, from 

j 3 -methyl-pimelinic ester or i, 3-methyl-cyclo-hexanone-oxalic ester ; 
with sodium and iso-propyl iodide it gives 4 -methyl-l-iso-propyl-l, 2- 

cyclo-hexanone-carboxylic ester ^ , b.p.14 

146®, from which, bv saponification with dilute sulphuric acid, tnenthone 
is formed (A. 342 , 198). 

3 , 5, 5-Trimethyl-l, 2-oyolo-hexanone»carboxylie acid, m.p. in® 
with decomposition, is formed from dihydro-iso-aceto-phorone by 
treatment with CO, and Na in ether (C. 1902. II. 1372). 

1, 8-Cyelo-hexanone-carboxylIo acid ch,/^ 2 *^«*Vh.co,h, m.p. 

Or X j 'CHj.Cxi,/ * 

S , from tetrahydroxy-terephthalic acid by heating to 115® or by 
iling with water, or by oxidation of m-oxy-hexahydro-benzoic acid 
in the form of its ester with sodium bichromate (B. 29 , R. 550 : C. 
1910, I. 533). 

1, 4-Cyelo-hexanone-earboxyllo aeid 
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m.p. 68®, is formed synthetically by the action of acetic anhydride 
upon a, y, -e-pentane-tricarboxylic acid and subsequent distillation. 
The acid is useful as a starting-point for the synthesis of a-tcrpineol 
and dipentene (C. 1904, I. 1082). 3-Methyl-l» 4-cyoIo-hexaiion6- 
carboxylic acid, m.p. 94® ; see C. 1909, I. 172. 

Numerous y-keto-carboxylic acids have been obtained by reducing 
the corresponding i, 4-cyclo-hexanone-carboxylic esters with hydrogen 
and colloidal palladium (B. 42, 1627). 2-Methyl-l, 4-cyclo-h6xanone- 
carboxylic ethyl ester, b.p.15 128®, dihydro-iso-phorone-carboxylic ester, 
occurs in two cis-trans-isomeric forms : a-form, m.p. 44®, b.p.g 125® ; 
j 5 -form, liquid, b.p.,, 137® ; and the free acids, a-form, m.p. 127®, 
) 3 ‘form, m.p. 119®, are produced by oxidation of the oxy-dihydro- 
cyclo-geranic acids, passing into the trans-forms of these acids, by 
reduction with sodium and alcohol. 


1- Acetyl-cyclo-hexane-carboxylic ester ^ 

b.p. 24i®-245®, is formed from i, 5-dibromo-pentane and sodium aceto- 
acetic ester ; on boiling with alcoholic potash it yields hexahydro- 
aceto-phenone (B. 40, 3945). Similarly, we obtain 2 -methyl-l-acetyl- 
cyclo-hexane-carboxylic ester from i, 5-dibromo-hexane and sodium 
aceto-acetic ester (B. 21, 737). 

Hexahydro-benzoyi-acetic ester CeHii.CO.CHg.CO^CgHg, b.p.^g 136°, 
from hexahydro-benzoic ester, acetic ester and sodium (C. 1908, II. 
1687). 

Cyclo-hexyl-aceto-acetic ester CeHiiCH(C 0 CH 3 )C 02 C 2 H 5 , b.p .14 
126®, obtained in small quantities from iodo-cyclo-hexane and sodium- 
aceto-acetic ester (B. 42 , 2232), 

A^-1, 2 -Cycle -bexenone- carboxylic acid, dthyiro- salicylic acid 
/X.COjH, m.p, 128®, its ethyl ester, b.p.12 103®, from i, 2- 

cyclo-hexanone-carboxylic ester by bromination and rejection of HBr 
from a-bromo-i, 2-cycIo-hexanone-carboxylic ester, b.p. 13 144®, by 
boiling with aniline. On heating with soda-lime the acid breaks up 
into COj and A*-cyclo-hexanone (/. pr, Ch. 2, 80 , 495). 

A^-1, 4-CycIo-hexenone-carboxylic esters like 

XCHj.CHj'^Cri.COjR 

are obtained by the action of sodium ethylate upon alkylidene-bis- 
aceto-acetic ester with rejection of one carboxyl group. They contain 
the group of glutaconic ester (Vol. I.), and can therefore, like the latter, 
be alkylated with sodium alcoholate and alkyl iodide. The esters occur 
in a neutral form insoluble in alkali, and an acid form soluble in alkali. 
By means of sodium ethylate, the former may be transformed into the 
latter. Reduction with hydrogen and colloidal palladium produces 
I, 4-cyclo-hexanone-carboxylic esters. The cyclo-hexenone-carboxylic 
acids easily break up into COg and A®-cyclo-hexenones. 

2 - Methyl- A^-l,4-cyclo-hexenone- carboxylic ester 

“<cS.!S;>S*CO..C.H.' ^ ^55^ from methylene iodide, and 

sodium-aceto-acetic ester, or by the action of sodium ethylate u|^n 
methylene-bis-aceto-acetic ester (B. 30, 639 ; 41, 2943) ; by addition 
of bromine and rejection of 2HBr it yields o-methyl-p-oxy-benzoic 
acid (B» 88, 969). 

8 , 6 -Dimethyl-A*-l, 4 -cyclo-hexenone-carboxylic ester, b.p. 140 ®, 
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from ethylidene-bis-aceto-acetic ester (A. 842, 344). Iso-phorone-car^ 
boxyllc ester p i36‘’-i4o“, is formed 

by attaching sodium-aceto-acetic ester to iso-propylidene-aceto-acetic 
ester. On saponification, iso-phorone is produced ; and, on reduction 
with sodium and alcohol, a mixture of various isomeric oxy-dihydro- 
cyclo-geranic acids. 

4 -Iso-propyndene-l, 2 -cyclo-hexanone - carboxylic ester 

CH*^ * C H obtained, by cyclic aceto-acetic 

ester condensation, from y-iso-propylidene-pimelinic ester (C. 1907, 11. 
1976). 

5 , 5 -Dimethyl-AM, 3 -cy do- hexenone- acetic ester 

c. .909, 1. 853. 


2. Hydro-aromatic Dicarboxylic Acids. 

Hexahydro-dicarboxylic Acids. — ^These acids, depending upon the 
position of the carboxyl groups with reference to one another, show the 
behaviour of dialky 1-malonic acids, sym. dialkyl-succinic acids, sym. 
a-dialkyl-glutaric acids, and sym. a-dialkyl-adipic acids. 

1 , 1 -Dicarboxylic ester and 2 -methyl-cyclo-hexane-l, 1 -dicarboxylic 
ester have been made by the action of sodium-malonic ester upon 
pentamethylene bromide and methyl-pentamethylene bromide. The 
free acids, when heated, split off CO2 and become hexahydro-benzoic 
acid and hexahydro-o-toluic acid. 2 -Methyl-cycIo-hexane-l, 1-dicar- 

boxylic acid melts at 147®. Cyclo-hexane- 

dicarboxylic acid and its esters appear not to have been isolated as yet 
(B. 21, 735 ; 26, 2246), 

Cyclo-hexane-malonic acid ethyl ester CeHij.CH(C02C2H5)2, b.p.20 
164®, and cyclo-hexyl-cyanic acid ester, b.p.23 158°, are obtained in 
small quantity from bromo- and iodo-cyclo-hexane with sodium-malonic 
ester and cyan-acetic ester respectively. 

Cyclo-hexyl-malonic acid, m.p. 177®, breaks up, on heating, into 
CO2 and hexahydro-phenyl-acetic acid (C. 1905, II. 1430). Hexahydro- 
benzyl-malonic ester CeHii.CH2.CH(C02C2H5)2, b.p.^a i 45 °-i 55 ''- 

Hexahydro-phthalic Acids. — A. Baeyer’s theory (B. 23, R. 577), 
based upon the spatial representations of van Hoff as to the union of 
the C atoms, predicts the possibility of geometrically isomeric hexa- 
hydro-phthalic acids. The latter isomerism is due to the different 
positions occupied by the carboxyls relatively to the plane of the 
hexamethylene ring ; hence the isomerides are termed cfs- and trans^ 
forms. 

cis-Hexahydro-o-phthalic acid, i, 2-hexamethylene-dicarhoxyHc acid 
t'eHioCCOjHj) melts at 192®, and its anhydride melts at 32® and boils 
at 145® (18 mm.) ; the trans-hexahydro-o-phthalic acid melts at 2x5®, 
and its anhydride at 140®. They are produced together when A^-tetra- 
hydro-o-phthalic acid is reduced. The trans-acid is also obtained by 
the oxidation of o-methylol-hexahydro-benzoic acid. The cis-acid is 
more soluble in water than the trans-acid. The anhydride of the latter 
is converted by continuous heating at 2io®-220® into the anhydride of 
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the cis-add (A. 2689 214). The trans-add has been broken up by 
means of its quinine salt into optically active components, d- and 
1-trans-hexahydro-phthalic acid [a]D2+i8*2® and —18-5®, m.p. 179®- 
183®. Anhydride, m.p. 164® (B. 829 3046). 

Hexahydro-iso-phthallo acids are produced in the reduction of iso- 
phthalic acid and when i, i ,3, 3-hexamethylene-tetracarboxylic acid 
is heated to 200®~220®. The calciiun salt of the cis-add is more 
sparingly soluble. The cis-acid, melting at 162®, when heated to 180® 
with hydrochloric acid, changes in part to the trans-acid, melting at 
188®. Both acids, with acetyl chloride, yield the acid anhydride, 
melting at 119® (B. 26 , R. 721). 

Hexahydro-terephthalic acids result on reducing the hydro-bromides 
of the tetrahydro-terephthalic acids in glacial acetic acid with zinc 
dust, as well as upon heating hexamethylene-i, 4-tetracarboxylic 
acid to 200®“220®. In the latter case the trans-acid, melting at 200®, 
predominates. The cis-acid, melting at 161®, is also converted into 
it when heated with hydrochloric acid to 180®. As regards solubility, 
these three pairs of hexahydro-phthalic acids reduce fiunaric and 
maleic acids. They are also convertible one into the other in like 
manner. They have also been distinguished, one from the other, as 
maleinoid and fumaroid modifications. 

a-Bromo-substitution products of these acids have also been 
prepared from the acid chlorides, by treatment with bromine. Bromo- 
substituted hexahydro-carboxylic acids have also been obtained by the 
addition of hydrogen bromide and bromine to the corresponding tetra- 
and dihydro-carboxylic acids. 

Hexahydro-homo-iso-phthalic acid C6Hjp[i, 3](COOH)(CH2COOH), 

m.p. 158°, by reduction of homo-iso-phthalic acid, gives, on distilling 

its calcium salt, a dicyclic ketone (?) ; cp. 

camphor (B. 36 , 3610). 

Tetrahydro - dicarboxylic Acids, T etrahydro - 0 - phthalic A cids . — 
Depending upon the point of double union there are, theoretically 
speaking, four structurally isomeric bodies. The two modifications in 
which neither of the two COjH-groups is attached to a doubly com- 
bined C atom permit of a stereo-isomeric modification of each. 

CH,.CH,.C.CO,H 

A^-Tetrahydro-o-phthalic acid 1 li , melting at 120®, 

CH,.CH,.C.CO,H 

and its anhydride at 74®, is formed when hydro-pyro-mellitic acid is 
distilled. Potassium permanganate decomposes it into adipic acid 
(A. 166 , 346 ; 258 , 203). 

CH,.CH=:rC.CO,H 

A^Tetrahydro-o-phtbalic acid | 1 , melting at 215®, 

CH,— CH,— <!:h.co,h 

and its anhydride at 78®, has been obtained by the decomposition of 
sedanonic acid, an o-valeryl-tetrahydro-benzoic acid obtained from 
celery oil (B. M, 503). It is also formed on boiling the A^-acid with 
caustic potash, when the double union is shifted, and by the reduction 
of phthalic acid or A***-dihydro-phthalic acid together with trans-A^ 

CH— CH,— CH.COjH 

tetrahydro-o-phtballe acid n i , melting at 216®, and 

CH . CH, . CH.COjH 

jts anhydride at 140®* Acetyl chloride separates it from A^-acid. 
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This reagent converts it alone into its corresponding anhydride 
(A. 258 , 2II). 

eis-A^-Tetrahydro-o-phthallc acid melts at 174®. It is produced 
when the A*»*-dihydro-acid is reduced, as well as from its anhydride, 
melting at 58°. The latter anhydride is formed when the anhydride 
of the trans-A*-acid is heated (A. 269 , 202). 

Tetrahydro-iso-phthalic Acids. — ^The three theoretically possible 
structure-isomeric acids are all known, one of them even occurring in 
a stereo-isomeric modification (C. 1905, I. 1320 ; II. 474). 

Ai=A*-Tetrahydro-iso-phthalic acid '" P- 

168®, is obtained by the reduction of iso-phthalic acid with sodium 
amalgam at 45®. Its anhydride, m.p. 78®, is also formed from the 
A®- and A*-acid by heating with acetic anhydride. 

AS-Tetrahydro-lso-phthalic acid ™ 244 °* 

from the A*- and A^-acid on boiling with concentrated potash. 

cls-A«-Tetrahydro-iso.phthalic acid ™ P- 

165®, is formed together with the A®-acid by reducing iso-phthalic acid 
with sodium amalgam. On heating with HCl to 170®, it is converted 
into trans-AMetrahydro-iso-phthalic acid, m.p. 226®. 

Tetrahydro-terephthalic Acids are theoretically possible in two 
structurally isomeric forms, depending upon the position of the double 
union ; one of these can occur in two stereo-isomeric modifications. 

A®-Tetrahydro-terephthalic acid co,h.ch/^^ \ch.co,.h is 

produced in two isomeric modifications by the reduction of A^»®- 
and A^*®-dihydro-terephthalic acids. The trans-acid melts at about 
300®. The cis-acid melts at 150®. The latter is much more readily 
soluble in water than the former. Potassium permanganate oxidises 
them to succinic acid. Boiling sodium hydrate changes the two acids, 
like j3y-hydro-muconic acid, into ajS-hydro-muconic acid. 

A*-Tetrahydro-terephthalic acid )c.co,h melts 

above 300® and sublimes (A. 258 , 7). 

Dihydro-dicarboxylic Acids. — Dihydro-o-phthalic acids are possible, 
according to the position of the double union, in six structurally isomeric 
forms, one of which can occur in two stereo-isomeric modifications. 

CH.CH,.C.CO,H 

A^*^-Dihydro-o-phthalic acid || II , melting at 153® (its 

CH.CH,.C.CO,H 

anhydride at 134°), is produced on boiling A*»^-dihydro-phthalic 
acid with acetic anhydride (A. 269 , 204). 

CH.CH,.CH.CO,H 

A 2 » 4 -Dihydro-o - phthalic acid || [ , melting at 179® (its 

CH.CH=C . CO|H 

anhydride at 103®), is produced when the acid is acted upon in 
the cold with acetic anhydride. 

The acid is produced, further, on boiling A*'*-dihydro-o-phthalic 
acid dihydro-bromide with methyl-alcoholic potash. 

CH,.CH : C.CO.H 

A^'^-Dihydro-o-phthalio acid | | melts at 215®, and 

CH,.CH : C.CO,H 

its anhydride at 83®. The acid results by reducing phthalic anhydride 
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with s(^um amalgam in alkaline solution, and by boiling the A*-*- and 
A^A^idd with sodium hydrate (see also B. 27 , 3185). 

CH : CH.CH.COgH 

truis-A^^Dlhydro-phttiaUe aeM i i , meltinc: at 210^ 

CH : CH CH.COgH 

is produced by reducing phthalic anhydride with sodium amalgam in 
acetic add solution. The acid has been split up into its optically 
active components by means of its strychnin salt. On passing into 
the A*»*-acid by boiling vnth sodium hydrate, or into the cis-A®'*-acid 
by heating with acetic anhydride, the optical activity disappears, the 
resulting acids containing no unsym. carbon atom (C. 1907, I. 565). 

cis-A^*^-Dthydro-phthalic acid melts at 174®. Its anhydride, melt- 
ing at 99®, is formed when the trans-A^**-acid is acted upon with acetic 
anhydride. 

Dihydro-terephihalic Acids, — Depending upon the points of double 
union, there are four possible structural isomerides. One of these, the 
A**^-acid, appears in two stereo-isomeric forms. All the modifications 
are knoum. 

A>-»-Dlhydro-terephthalIc acid co,h.c(^JJ )c.co,H is pro- 

duced on digesting a, aj-dibromo-hexahydro-terephthalic acid and 
A*-tetrahydro-terephthalic acid dibromide with alcoholic potash 
(A. 258, 23). The dimethyl ester melts at 85®. 

A^'^-Dihydro^terephthalie acid co,h.c^^^*^^'^c.co,h is formed 

by reducing terephthalic acid with sodium amalgam, by boiling the 
isomeric dihydro-terephthalic acids with sodium hydrate (A. 251, 272), 
and by reducing p-dichloro-A^'^-dihydro-terephthalic acid, the result 
of the action of PCI5 upon succinyl-succinic ester, with sodium amalgam 
(B. 22, 2122). 

The dimethyl ester melts at 130®. It condenses by means of its 
CH2 groups with oxalic ester and with benzaldehydes in the presence 
of sodium alcoholate to terephthalic acid derivatives : phthalide-dicar- 
boxylic acid, the lactone of the acid (HOOC)2CeH3CH(OH)COOH, and 
benzyl-terephthalic acid (HOOCljCeHjCHjCeHj (B. 36, 842). 

A^’^-Dihydro-terephthallc acM results on boiling trans-A^»®-dihydro- 
terephthalic acid with sodium hydroxide ; the dimethyl ester resinifies 
on exposure to the air (A, 258, 18). 

AW-Dlbydro-terephthalle acids co,H.CH<'^[J ; ^JJ).ch.co,h, ds- 

acid and trans-acid, are formed in the reduction of terephthalic acid. 
See also A'»®-dihydro-terephthalic acid. The trans-diphenyl ester melts 
at 146®. The cis-dimethyl ester melts at 77® (A. 258, 17). This ester 
breaks up into tereph^alic and hexahydro-terephthalic esters, on 
heating in a CO* atmosphere in the presence of palladium black 
(B. 36, 2857). 

Oxy- and keto-hydro-benzol-dicarboxylic Acids. — a-Oxy- 

hexahydro-lso-phthaUc acid cS.h>ch’-I^h;)^<S 5 ” 

from m-keto-hexahydro-benzoic acid by the action of prussic add 

and hydrochloric acid (B. 22, 2186 ; C. 1904, I. 1082). 

m-Dloiy-hexahydro-lso-phthallc acid cw*<^S!Ic(OH)>^*co|h 
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melts with decomposition at 217®. Its anJ^dride melts at 175®. The 
acid is obtained from its nitrile, the product of the addition of prussic 
acid to dihydro-resorcinol (A. 278, 49). 

0,0,-Dloxy-hexahydro-terephtliaUc acid 

is formed when its dinitrile, melting with decomposition at i8o®, is 
boiled. This dinitrile results on adding prussic acid to p-diketo-hexa- 
methylene with hydrochloric acid (B. 22, 2176). 

Hexahydro-2, 5-dloxy-tereplitiialic aeid CeHg(OH)2(COOH)2, ethyl 
ester, m.p. 136°, formed besides tetrahydro-p-dioxy-tereplithalic acid, 
ester, b.p.14 219°, by reduction of succinyl-succinic ester with sodium 
amalgam. The dioxy-hexahydro-terephthalic ester, on distillation, 
partly splits off HjO and passes into A^*^-dihydro-terephthalic acid 
ester (B. 33, 390). 

A^-Tetrahydro-2-oxy-terephthalic acid, or 2-keto~hexainethyLene-i, 4- 
dicarhoxylic acid 


results from the reduction of oxy-terephthalic acid. When heated to 
60° with water, it splits oft r.arbon dioxide and becomes m-keto-hexa- 
hydro-benzoic acid, the oxime ot which is obtained from tetrahydro- 
oxy-terephthalic acid by means of hydroxylamine hydrochloride 
(B. 22, 2187). 

Keto-tetrahydro-henzol-polycarhoxyUc esters and m-dikeio-hexahydro* 
henzol-carboxylic esters, or hvdro-rcsorcyUc esters, have been prepared 
synthetically in great numbers from i, 5-diketone- and 8-ketone- 
carboxylic esters, respectively, by the elimination ot water or of alcohol. 
A series of keto-R-hexenes, dihydro-resorcins, tetrahydro-benzols, 
dihydro-benzols, etc., has been built up from these bodies as the 
foundation substances. 


Several alkylidene-bis-aceto-acetic esters are to be regarded as 
cyclo-hexanolone-dicarboxylic esters. 

Cyclo-liexanone-2, 4 -dlcarboxylic ethyl ester 


CH 


/CO CH 


\ch.-CH^»CO;c;h:' pemane-a, y. 

boxylic ester by cyclic aceto-acetic ester condensation (C. 1907, I. 344). 

Cyclo-hexanone- 2 , 6-dicarboxylic methyl ester 

melting at 125°, enol-fonn liquid 

from pentane-oj-tetracarboxylic ester, with sodium ethylate and elimi 
nation of carbonic acid ester (H. Meerwein). 2-Methyl-cyclo-hexa- 
none-2, 6-dicarboxylic ethyl ester, b.p.jo ibo"", see A. 350, 214. 

Succino - succinic acid CO,h.ch?^ 2 ’^^^ch.co,h results upon 

^CxT|.0O/^ 

saponifying its diethyl ester with a calculated amount ot normal 
sodium hydroxide, and by treating 2, 5-dioxy-terephthalic ester with 
sodium amalgam. The diy acid breaks down into two molecules ot 
carbon dioxide and p-diketo-hexamethylene when heated to 200'' 
(B. 22, 2168). 

Succino-succinic diethyl ester, m.p. 126®, is produced by the con- 
densation of two molecules of succinic ester through the action of 
potassium, sodium, or sodium ethylate upon succinic ester (A. 211, 
VOL. II. 2 I 


COgCjH, 


b.p.2o 180°, from pentane-a. 


€-tncar- 
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306) or bromaceto-acetic ester (A. 245 » 74), as well as by the interaction 
of silver cyanide and iodo-aceto-acetic ester (A. 258 , 182), and by the 
reduction of 2, 5-dioxy-terephthalic ester with zinc and hydrochloric 
acid (B. 19 , 432). 

Succino-succinic ester behaves like phloro-glucin. It also mani- 
fests many reactions of a ketone, corresponding to formula I. of 2, 5- 
diketo-hexamethylene-carboxylic ester ; whereas it also conducts 
itself like a phenol, corresponding then to formula II. of 2, 5-dioxy- 
dihydro-terephthalic acid (B. 24 , 2692) : 

I. CO,.C,H,.CH<^^ J;^^CH.CO.C,H, 

n. co..c.h..c,;'P^U;\c.co.c.h.. 

The ester crystallises in bright-green triclinic prisms, or colourless 
needles. It is insoluble in water, dissolves with difficulty in ether, 
very readily in alcohol ; its solution shows a bright-blue fluorescence. 
Ferric chloride imparts a cherry-red colour to it. It dissolves in 
alkalies vnth a yellow colour, yielding metallic derivatives by the 
replacement of two hydrogen atoms. It does not unite with phenyl 
iso-cyanate, whereas the structurally similar j3-keto-hexamethylene- 

carboxylic ester combines with it to form 

(A. 317 , 104). * 

With hy^oxylamine (in alkaline or acid solution) succino-succinic 
ester splits off COj and yields quinone-dloxime-carboxylie ester 
CeH3(N.0H)j.C02R, melting at 174® (B. 22 , 1283). 

)Alth phenyl-hydrazin it forms a phenyl-hydrazin derivative of 
clihydro-terephthalic acid (B. 24 , 2687 ; 26 , R. 590), while with hydrazin 
it fields hexahydro-benzo-^, ^-dipyrazolone (q.v.) (B. 27 , 472) ; with 
Am acetate, di-iinino-succino-succinic ester, m.p. 178°, which is oxidised 
by Br to p-diamido-terephthalic ester (C. 1905, II. 1240). 

If sodium-succino-succinic diethyl ester be treated with alkylene 
Kxlide, it yields the following compounds : 

Diethyl-succino-suecinle ester : cts-body is liquid ; trans-body melts 

at 65^ 

Di-n-propyl-succino-sueeinic ester : cis-body is liquid ; trans-body 

melts at 86®. 

Di-iso-propyl-suecino-sueoinie ester : cts-body is liquid ; trans- 

body melts at 116®. 

Methyl-n- and methyl-iso-propyl-succino-suoeinle ester boil at 195'’- 
200® (25 mm.). 

p-Dlchloro-hydroquinone-dicarboxyllc ester i, 

melting at 195®, consists of yellowish-green cryst^ (B. 21 , 1761). 
When reduced with zinc dust and glacial acetic acid, it becomes p-di- 
ebloro-hydroqulnone-dlearboxylic ester crystal- 

lising in two different forms — colourless needles and yellow-green 
plates (B. 20 , 2796 ; 21 , 1759 ; 28 , 260). Similar behaviour is shown 
by dibromo- and di-iodo-hydroquinone-dicarboxylic esters (B. 82 , 1742). 
Compare the two forms of 2, sAiioxy-terephthalic ester. 

p-Dioxy-qiiiliioiie-dicarboxyUe ester C«Oa(OH)g(CO|C,H5)3, melting 
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at 151®, may be prepared by shaking dichloro-hydroquinone-dicarboxylic 
ester with sodium hydroxide, and by the action of nitrous acid upon 
dioxy-terephthalic ester (B. 19, 2385). It crystallises in pale-yellow 
flakes and intense greenish-yellow prisms (B. 20, 1307). It reacts acid, 
and forms salts with two equivalents of the metals. It does not form 
a dioxime with hydroxylamine, but an oxy-ammonium salt, and with 
phenyl-hydrazin a phenyl-hydrazin salt (B. 22, 1290). Further- 
more, it does not react with phenyl iso-cyanate (B. 23, 265). Boiling 
hydrochloric acid decomposes the ester into carbon dioxide and dioxy- 
quinone. By the absorption of two atoms of hydrogen (by reduction 
with sulphurous acid) the ester becomes : 

Tetroxy-terephthalic ester Ce(0H)4(C02R2), or dioxy-quinone-di- 
hydro-carboxylic ester CeH2(02)(0H)3j(C02R)2. It crystallises in 
golden-yellow flakes, and melts at 178® (B. 20, 2798). Its alkaline 
solution oxidises on exposure to the air (giving up two hydrogen atoms) 
to dioxy-quinone-dicarboxylic ester ; hence it yields the same products 
with hydroxylamine and phenyl-hydrazin (B. 22, 1291). It forms a 
tetracarbanilido-derivative (B. 23, 267) with four molecules of phenyl 
iso-cyanate. 

Phloro-glueln-dicarboxylic ester m.p. 

104®, is formed by the condensation of three molecules sodium-malonic 
acid ester on heating to I20®-I45®, with rejection of carbonic acid ester, 
with acetone-tricarboxylic ester as an intermediate product ; also by 
the condensation of acetone-dicarboxylic ester and malonic ester with 
sodium ethylate (B. 29, R. 1117 ; 41, 4171). It behaves like succino- 
succinic ester, dissolves without change in alkalies, and is coloured a 
cherry-red by ferric chloride. With acetic anhydride it forms a tri- 
acetyl derivative with hydroxylamine or trioxime (B. 21, 176), with 
phenyl iso-cyanate or tricarbanilido-derivative (B. 87, 4637). Fused 
with caustic potash, it forms phloro-glucin. 

3. Hydro-benzol-tricarboxylic Acids. 

Among these we have the dioxy-phenyl-acetic-dicarboxylie esters 
CCH,CO,R, condensation products of acetone- 

nCQ.CH,— ,„/ 

dicarboxylic ester (C. 1900, II. 963), and the analogous — 

Dihydro-oxy-phenyl-aoetie-diearboxyllc ester 

CO,C,H,.CH<^^^^”*^|^^^CH.CH,CO,C,H„ m.p. 82°. obtained by 

condensing glutaconic ester by means of sodium ethylate free from 
alcohol (B. 37, 2113). 

Dihydro-methyl-trlmeslnlo aeid is 

formed from pjn*o-racemic acid by heating with sodium hydroxide. 
The acid is the intermediate product of the synthesis of uvitinic acid 
with pyro-racemic acid. On heating with concentrated sulphuric acid 
it splits off CO2 and 2H, and passes completely into uvitinic acid ; on 
fusing it yields uvitinic acid besides di^dro-uvltlnle aeid 
(C00H)2, m.p. 236®, and several tetrahydro-uvitinic adds. On reduc- 
tion with Na amalgam we obtain tefrahydro-methyl-trlmeslnle aeid 
CeH2(CH8)(COOH)„ m.p, 221® with decomposition (A. 805 125). 
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R. 658). The formation of benzene derivatives by oxidising terpenes 
is very important. Thus, turpentine oil with iodine yields p-cymol ; 
with nitric acid, p-toluic acid and terephthalic acid. (4) The signifi- 
cance of the addition reactions for the classification of the terpenes has 
already been pointed out above : — (a) By addition of hydrogen the ter- 
penes form hydro-terpenes (B. 86, 1033). (b) The addition of chlorine 

and bromine, as well as of hydrogen h^oids, in glacial acetic acid at 
low temperatures, gives rise to haloid hydro-terpenes. Some of these 
are well-crystallised compounds, which can be used for differentiating 
the terpenes. (c) Nitrosyl chloride NOCl (Tilden), or an alkyl nitrite, 
glacial acetic acid, and hydrochloric acid acting upon terpenes give 
rise to well-defined terpene nitroso-chlorides. With primary and 
secondary bases, these, usually unstable, nitroso-chlorides form stable 
terpene-nitrol-amines, or, vnth rejection of HCl, nitroso-terpenes, 
which are useful for characterisation. The latter make a transition 
from the terpenes to the terpene ketones (see Limonene nitroso-chloride). 
(d) Several terpenes unite with N2O4, forming nitrosates CioHie(NO). 
O.NO2, and with N2O3, 5ielding nitrosites CiqHi 2(NO).O.NO, or pseudo- 
nitrosites (nitrites) CioHie(NO).N02 (A. 332 , 313). The nitroso- 
chlorides, nitrosates, and nitrosites are bimolecular in the solid state, 
and should, therefore, be regarded as bis-nitroso-chlorides, bis-nitro- 
sates and bis-nitrosites. In their transformations they behave as 
monomolecular compounds (B. 28 , 648 ; 29 , 10). {e) By the action 

of ozone the terpenes are converted into ozonides, while, with dilute 
KMn04 solution, they become glycols by attaching 2HO. Both 
reactions are important for determining the constitution of the terpenes. 

Concerning the addition of trichloro-acetic acid and formaldehyde 
to terpenes, see B. 29 , 695 ; 82 , 57. 

Nomenclature. — In most cases camphor and the terpenes are 
designated by names derived from the plants in which they were 
first observed, and which contain them most abundantly in their 
ethereal oils. Since many terpenes, formerly considered uniform, 
have lately been found to be mixtures, the terpenes isolated from 
them have been distinguished from each other by prefixing Greek 
letters, e.g. a-, / 3 -, and y-terpinene. 

Baeyer, observing the Geneva nomenclature,** suggested that the 
cyclic terpenes containing the same carbon skeleton as p-cymol, the 
(hhydro-p-cymols, be called terpadienes : then the tetrahydro-cymols 
would be terpenes, and hexahydro-cymol terpane. To obtain names 
for the terpenes which would be designated, according to this sugges- 
tion, as terpadienes, Wagner calls hexahydro-cymol menthane, the 
tetrahydro-cymols menthenes, and the dihydro-cymols or terpenes 
menthadienes (B. 27 , 1636, footnote). 

The latter terminology has become most usual. In order to 
indicate the constitution of the dihydro-cymoles, the carbon atoms 
are designated by numbers : 
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The dihydro -cymol of the formula 
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would be called menthadiene, the dihydro - cy mol 

CH,.C(^^”-;^«^C.CH(CH,)„ A^-<-menthadiene. The 'terpenes will 
be discussed in the following groups : — 

A. Olefinic terpene or terpenogen group. 

B. Monocyclic terpene or menthane group. 

C. Bicyclic terpene groups. 

I. Sabinane or tanacetane group. 

II. Carane group. 

III. Pinane group. 

IV. Camphane group. 

D. Sesqui-terpene and poly-terpene groups. 

To the hydrocarbons of each group must be added the alcohols and 
ketones, the so-called camphors. 

A. Olefinic Terpene or Terpenogen Group. 

Many olefin hydrocarbons, alcohols, aldehydes, and acids with 
open carbon chain are included under this designation. They occur 
in ethereal oils, or in the transposition products obtained trom the 
latter. They are distinguished chiefly by the fact that they, as 
a rule, are easily converted into hydro-aromatic, terpene-like, or 
aromatic substances. 

I, Olefinic Terpenes. — Hyrcene, b.p. 67® (20 mm.), sp. gr. 0*8025 
(15®). Wd= 1*4673, occurs with 1-phellandrene and the aromatic phenols 
of the cinnamic series in bay oil. Its formula is C,oHie=(CH 3 ), 
C : CH.CH2.CH,C( : CH,).CH : CH^ or CH* : C(CH3).CH3.CH3.CH2.C 
( : CHjj.CH : CHg. b.p.^ 67®, D,5 0 8025. It is also found in the 
ethereal oil of Lippia citriodora. The terpene isolated from hop oil is 
also probably identical with myrcene (C. 1903, 1 . 1028). 

Artificially, it is prepared by eliminating water from linalool (see 
below) by heating with KHSO4. It adds 4 Br atoms. By reduction 
with sodium and alcohol we obtain dlhydro-myrcene b.p. 172®, 

tetrabromide, m.p. 88®, which is converted by glacial acetic-sulphuric 
acid into the isomeric cyclo-dihydro-myrcene (B. 34 , 3126). By 
heating under pressure to 300®, myrcene is polymerised to dimyrcene, 
b.p.jj i6o®-200®, and to undistillable poly-myrcenes ; with N2O3 
dimyrcene gives a nitrosite (C^oHuN 307)2, apparently identical with the 
nitrosite of the same composition obtained from rubber (B. 35 , 3264). 

Oclmene C3oH,e=(CH3)2C : CH.CH2.CH : C(CH3)CH : CH* (?), 
b.p.30 81®, Dj 5 0*8031, has been obtained from the ethereal oil of 
Ocimum basilicum. It differs from myrcene only by the position of a 
double link, since sodium and alcohol reduce it to dihydro-myrcene 
with addition of two H atoms. On oxidation with ozone, we obtain, 
among other products, acetone, methyl-glyoxal, and malonic dialdehyde 
(C. 1907, II. 679 ; 1909, I. 373), 

Anhydro-geranlol CjoHi^, b.p. i72®-i76®, sp. gr. 0*8232 (20®), 
nD= 1*4835, is obtained by heating geraniol with potassium bisulphate 
to 170®. It can also take up six bromine atoms (B. 24 , 682). Linalao- 
CjoHis boils at i65®-i68®. Its specific gravity is 0*7882 (20®), 
li„s=:i*455. It is formed in the reduction of linalool (B. 27 , 2520). 

boprene CiH,, b.p. 37®, must be considered under the olefinic 
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terpenes or terpenogens. It is a distillation product from rubber. 
It may be obtained by conducting vapours of turpentine oil through 
tubes at a dull-red heat (A. 228). On its synthesis by disintegration of 
jS-methyl-p>TTolidin, see this. 

Isoprene very probably consists in the main of methyl-divinyl, 
C«=CH,. It can take up two molecules of hydrogen 

bromide, forming dimethyl - trimethylene bromide. It polymerises 
very readily to dipentene (/. pr, Ch. 2, 55 , i ; C. 1900, 11 . 331) : 

2 CH 3 \c— CH=CH, ► ^CCHg. 

CH, • CHa XCHa—CH,/ ^ 

Under different conditions isoprene is polymerised to para-rubber. 

2. Olefinic Terpene Alcohoh , — d-Citronellol CioH2.p=CH2 : C(CH3) 
CH2.CH2.CH2CH{CH3)CH2.CH20H (?), b.p.i5 Ii3°-ii4®, was first 
obtained by the reduction of d-citronellal ; it is found native in Java 
citronel. It is a colourless oil, smelling agreeably of roses. Its con- 
stitution follows from its connection with d-citronellol. An alcohol 
very similar to d-citronellol, but laevo-rotatory, l-citronellol, l-rhodinol, 
is found, besides geraniol, in several species of rose, geranium, and 
pelargonium oils. It is probably link-isomeric with d-citronellol in the 
sense of the formula (CH3)2C : CH.CH2.CH2CH(CH3)CH2CH20H, 
since, on oxidation, it passes into an aldehyde isomeric with d-citron- 
ellal, viz. rhodinal. But the question of the constitution of the 
citronellols cannot be regarded as finally decided. An i-citronellol, 
i-rhodinol, b.p.^o no®, is formed by the reduction of the synthetic 
geranic acid (B. 29 , 923 ; 30 , 33 ; C. 1904, II. 440 ; vgl. B. 29 , R. 785). 

Geraniol Ci„Hi30=(CH3)2C : CH.CH2.CH2.C(CH3) : CH.CHgOH, 
b.p.i7 i2o®-i22®, forms the chief alcoholic constituent of geranium oil, 
rose oil, pelargonium oil, palma rose oil, etc., and is the most frequently 
occurring ahphatic terpene alcohol (B. 29 , R. 785) ; it yields a character- 
istic crystallised compound with calcium chloride, which can be em- 
ployed for separating geraniol from ethereal oils. It is optically 
inactive, and has the same relation to citral as citronellol has to citron- 
ellal. 'I^e synthesis of geraniol is accomplished with that of citral. 
An alcohol probably stereo-isomeric with geraniol — 

Nerol, b.p. 225®, o-88o, has been found in the oils of neroli, 

petit grain, bergamot, and linaloe, partly in a free condition, partly 
esterified. It is distinguished from the otherwise very similar geraniol 
by its inability to form a solid calcium chloride compound, and by the 
formation of a crystalline tetrabromide, m.p. 119®. Geraniol and 
nerol probably stand to each other in the same relation as citral-a and 
citral-b, geraniol corresponding to the former, and nerol to the latter 
(B. 89 , 1780.) 

1 -Linalool, licareol CioHi,0=(CHj)2C : CH.CH2.CH2.C(CH3)(OH). 
CH : CHj, b.p. i97®-i99®, D20 0-8702, nD= 1*4695, is found in linaloe 
oil from Licari Kanali, as well as lavender, bergamot, limette and 
origanum oil. 

d-Linalool, coriandrol, is found in coriander oil and oil of pome^ 
granates and orange blossoms. By reduction with Ni and hydrogen, 
geraniol and linalool, as well as ocimene, pass into 2, 6-dimethyl- 
octane, which proves that the same carbon frame forms the basis of 
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all these compounds. Dilute sulphuric acid converts the linalool with 
ease into inactive terpin hydrate ; this conversion is made with greater 
difficulty with geraniol (B. 28 , 2137). Formic and glacial acetic-sul- 
phuric acids convert geraniol with some difficulty, and the linalools with 
greater ease, into solid a-terpineol, m.p. 35®. In this process linalool is 
partly isomerised to geraniol, and, on the other hand, geraniol can be 
converted into inactive linalool (/. pr. Ch, 2, 60 , 244). Besides, or 
instead of, terpin hydrate and terpineol, terpenes, like terpinene, and 
terpinolene, are formed by stronger action of these agents. By the 
action of geraniol esters with concentrated acids cyclo-geraniol is 
formed, the alcohol corresponding to cyclo-citral (C. 1903, I. 266). 

The constitution of these bodies, as well as that of the correspond- 
ing aldehydes and acids, has been mainly deduced from their conver- 
sion into methyl-heptenone (CH8)2C : CH.CH^.CHg.CO.CHa, which has 
been previously described. Again, this methyl-heptenone has been 
employed in the S3mthesis of certain bodies belonging to this group. 
Thus by condensation with zinc and allyl iodide it yields homo-linalool 
(CH3)2C : CH.CH2.CH2C(CH3)0H.CH2.CH : CH2, boiling at 102^-104® 
(14 mm.) (B. 29 , 693 ; cp. C. 1899, 1 . 24). a-Alkyl-geraniols are obtained 
from citral and alkyl-magnesium compounds (C. 1904, II. 624). 

3. Olefinic T erpene-cddehydes — Citronellal CioHij^O=CH2 : C(CH3). 
CH2.CH2.CH2.CH(CH3).CH2.CH0 (I.) and (^3)30 : CH.CH2.CH2.CH 
(CH3).CH2CH0 (II.), boiling at 205°, is optic^ly dextro-rotatory. It is 
found in citronella oil, in the oil from Eucalyptus maculata, var. 
citriodora, etc. (B. 29 , 904). 1 -Citronellal has hitherto only been found 
in Java lemon oil. Acetic anhydride condenses it to iso-pulegol, a 
terpene alcohol very similar to, yet not identical with, pulegol, a 
reduction product obtained from pulegon (B. 30 , 22). It changes to 
d-citronellol upon reduction. 

By oxidation with KMn04 the acetal of citronellal in aqueous 
solution is split up into acetone and the half-aldehyde of ^-methyl- 
adipinic acid, whereas in acetone solution it is converted to the extent 
of 80 per cent, into a dioxy-aldehyde, which, on further oxidation with 
CrOj, 5nelds an oxy-dialdehyde and finally a keto-aldehyde CH3COCH2. 
CH2.CH2CH(CH3).CH2CH0 (B. 34 , 2981). Upon oxidation of the 
citronellal with ozone, acetone and ^-methyl-adipinic acid are obtained, 
but not quantitatively. Natural citronellal, therefore, appears to be 
a mixture of two very similar aldehydes, which are link-isomeric in 
the sense of the above formula (B. 41 , 2187). 

A laevo-rotatory aldehyde, rhodinal, closely related to citronellal, is 
formed by oxidation of citronellal. The formula (II.) above is ascribed 
to it. It differs from citronellal in that acetic anhydride does not 
change it into iso-pulegol, but into a cyclic ketone, menthone. The 
process may be represented by the following formula : — 


H,C=C— CH* H,C=C— CH3 

CH, CH 


/ 

/\ 

H,C CHO 

1 1 
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The reverse of this process takes i^e on illuminating an aqueous* 
alcohdic solution of mentbone. The ring is opened, and an unsaturated 
aldehyde similar to citronellal, but of lower b.p., 195®, is formed (B. 
40 , 2421). It may be identical with the aldehyde designated as 
mmthchcitroneUal, obtained by splitting up menthone-oxime (A. 296 , 

131)- 

Catral, geranial CioH,eO=(CH^,C : CH.CH2.CH,.C(CH,) : CH. 
CHO, b.p. 228^-229®, IS a faint-yellow oil smelling of lemon. It is 
found in lemon oil, verbena oil, and particularly in lemon-grass oil (?), 
from which it is prepared industrially : also in many other ethereal 
oils ; it is also formed by the oxidation of geraniol (C. 1908, I. 1375) ; 
synthetically, it can be prepared by the distillation of geranium acid 
and calcium formate (P. 81, 827). The natural citral consists of two 
structurally identical stereo-isomeric forms, citral a and b. which can 
be separated by their different ease of condensation with cyano-acetic 
acid to eitralldene-eyano-acetio acids, m.p. 122® and 95® (B. 88, 877). 
With )9-naphthylamine and pyro-racemic acid citral combines to form 
the characteristic citryl-naphtho-cinchonic acid (q.v.), m.p. 197® (B. 
81, 3195). Like cinnamic aldehyde, citral combines with sulphites not 
only to form the normal bisulphite compound with attachment of 
2S03HNa to the olefin links, but also salts of citral-dibydro-disulphonic 
acid (B. 81, 3278). By boiling with soda solution, citral is split up into 
methyl-heptenone and acetaldehyde (C. 1897, 1. 495). It is oxidised by 
ozone to acetone, laevulinic aldehyde, or laevulinic acid and glyoxal (?) 
(B. 40, 2823). By treatment with potassium bisulphate, HI, acetic 
acid, etc., it is converted into cymol with elimination of HgO. But 
if citral derivatives, unconvertible into cymol, like citralidene-aniline 
(C. 1901, II. 716), citralidene-acetic acid, -cyano-acetic acid, -aceto- 
acetic ester, etc., are treated with concentrated H2SO4 or H3PO4, we 
obtain derivatives of cyclo-citral, a trimethyl-tetrahydro-benzaldehyde. 
Similarly, the so-called pseudo-ionone (CH3)2C : CH.CH2.CH2.C(CH3) : 
CHCH : CHCOCHj, b.p.j, 143®- 145®, obtained by the condensation of 
citral with acetone, forms a hydro-aromatic ketone called lonone, under 
the influence of concentrated H2SO4 ; cp. also cyclo-dihydro-myrcene 
(above), cyclo-geraniol, cyclo-geranic acid, and cyclo-geraniolene 
(above). 

4. Olefinic Terpene Acids, — Cltronellle acid (rhoiinic acid, B. 29, R. 
352) CH* : C(CH3).CH2.CH2.CH2CH(CH3)CH2C00H and (CH3)2C : 
CH.CH2.CH2CH(CH3)CH,C00H, b.p.jo I43®-I45®, obtained from 
its nitnle formed by withdrawing water from citronell-aldoxime, 
or by oxidation of citronellal, to which it can be restored by 
distilling its calcium salt with calcium formate. From geranic 
add it is obtained by reduction with sodium and amyl alcohol (B. 
81 , 2899). 

Reduction of its ester with sodium and alcohol produces i-citronellol 
(see above), which proves the relation between the geraniol and citron- 
dlol series. 

Oaranle add (CHa),C : CH.CH2.CH2C{CH3) : CHCOOH, b.p.^, 153®, 
is also formed from citral. It has been prepared S3nithetically from 
methyl-heptenone with iodo-acetic ester and bromo-acetic ester and zinc 
(B. SB, R. 222 ; 81 , 825). Sulphuric acid converts it into isomeric 
bydrcHaromatic cyclo-geranic acid. By heating at ordinary pressures 
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geranic add produces ganuilolMM CaHu, vdiidi is isomerised by 
sulphuric add into cydo-geraniolene (A. zox). 

B. Mokocyclic Terpene or Menthane Group. 

To this group belong the terpenes limonene, dipentene, terpinolene, 
0-, j8-, and y-terpinene, a- and ^pbellandrene, and the synthetic A*-*- 
menthadiene, which must all be regarded as dihydro-p-cymols, also 
sylvestrene and carvestrene, which must be regarded as dihydro- 
m-cymols. These terpenes are partly optically active, and partly 
inactive, or racemic. Numerous transitions and transformations 
connect the various terpenes, and several of them have been made 
by molecular synthesis. 

I. Limonene and Dipentene Group . — 

Limonene is known in three 

XOHj— 

modifications— d-limonene,l-liinonene, and [d-hij-limonene or dipentene. 

d-Limonene, ciirene, hesperidene, carvcne, together with pinene, is 
among the most widely distributed terpenes. It is present in the oil 
obtained from the shell of Citrus aurantium, in lemon oil, in the oil of 
bergamot, in oil of dill, in oil of celery, etc. It boils at 175®; [aj„= 
-f io6*8°. 1-Limonene occurs in the oil ot pine-needles, in oil of fir, 
and in oil of peppermint. It boils at 175° ; [a]D= —105®. On the 
preparation of 1-limonene from d-carvone, see B. 83, 735. 

Both limonenes are liquids, with an agreeable lemon-like odour. 
Their specific gravity equals 0*846 (20®). They differ from each other, 
as do their derivatives, almost entirely by their opposite rotatory 
power (A. 252, 144). The two active limonenes combine with dry 
bromine to tetrahromides meltmg at 104®, and having e<jually large but 
opposite rotatory power of about fajD=73°. The moist haloid acids 
change the optically active limonenes to addition products of [d+l]- 
limonene or chpentene. 

On conducting dry HCl through a CS, solution of limonene, a mono- 
chlorohydrate is obtained which, on reduction with sodium and cold 
alcohol, gives carvo-menthene, and, on treating with dilute alkali and 
sodium acetate, optically active a-terpineol (B. 36, 1036 ; A. 350, 154). 

By gentle oxidation with KMn04 limonene is converted into the 
quadrivalent alcohol CjoHjo(OH)4. When the optically active 
limonenes are exposed to elevated temperatures they become 
dipentenes. 

The nitroso-chlorides of the limonenes deserv’e particular atten- 
tion (B. 28, 1308 ; cp. also B. 29, 10). d-Limonene forms two 
chemically identical nitroso-chlorides, with, however, different physical 
properties : 

a, d- and l-*Limonene-nitroso-chloride, m.p. 103®. [a]x,= ±3i3®* 

P, d- and l-Limonene-nltroso-ehloride, m.p. 105®, [a]»=±240®. 

All the four nitroso-chlorides give, on heating with sodimn 
methylate, carvoxime, m.p. 72®, l-bmonene nitroso-chlorides giving 
d-carvoxime, and d-limonene-nitroso-chlorides 1-carvoxime (cp. also 
B. 48 , 519)- 

[d-f-l]-Llmonene, dipentene, cinene, sp. gr. 0 853 (B. 28, 2145 ; 
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29 , 4), boils at 175®. It is associated with cineol in Oleum etna. 
It is produced by heating d-limonene. 1-limonene, pinene, and camphene 
to 250^-300® ; it is, therefore, present in the Russian and Swedish 
turpentine oil, obtained by application of great heat. It is derived 
also from the distillation of rubber, and the polymerisation of tl^e 
isoptene CjHj,, formed simultaneously (A. 227 , 295). It is also produced 
on mixing equally large quantities of d- and 1-limonenes, as well as 
when pinene is boiled with alcoholic sulphuric acid. It forms, too. on 
withdrawing water from linalool, terpine hydrate, terpineol, and cineol. 
By nuclear synthesis, dipentene is obtained from the synthetic 
a- terpineol by heating with potassium bisulphate (C. 1904, I. 1604). 

It may be prepared pure by heating its hydrochloride with aniline 
or sodium acetate in glacial acetic acid solution. 

Pure dipentene is a liquid with an agreeable odour of lemon. 

Although more stable than most of the other terpenes, it can 
yet be changed into the isomeric terpinene by alcoholic sulphuric 
acid or hydrochloric acid. It is oxidised to p-cymol by concentrated 
sulphuric acid or phosphorus pentasulphide. p-Cymol is also 
obtained by treating its dihydro-bromide with bromine and reducing 
(B. 31 , 1402). 

The derivatives of dipentene can be obtained not only from the 
dipentenes, but also by mixing the corresponding derivatives of dextro- 
and Isevo-limonene. 

trans-Dipentene-dihydro-chloride CioHie.2HCl boils at 119® (10 mm.) 
and melts at 50®. cis-Dipentene-dihydro-chloride, m.p. about 22®. 

The trans-4ipentene-dihydro-bromide C,oHig.2HBr, from d-limonene, 
dipentene, terpine, and cineol ^^^th hydro-bromic acid, melts at 64®. 

cis-Dipentene-dihydro-bromide CioHie.2HBr, melting at 37®, 
results from the action of HBr upon a well-cooled solution of cineol in 
glacial acetic acid ; see also cis-Terpine (B. 26 , 2864). 

Tetrahydro-dipentene tribromide, tnbromo-terpane C^oHj^Bra, is de- 
rived from trans-dipentene dihydro-bromide by the action of bromine 
upon the glacial acetic acid solution (A. 264 , 25). 

Dipentene tetrabromide C,on,..Br, melts at 124® (A. 281 , 

Dipentene dihydro-iodide CioH,8.2H I melts at 77‘’-79° (A. 239 , 13). 

Dipentene nitroso-chloride C,oH, 8 (N' 0 )Cl melts at 102° ; see Carv- 
oxiine, p. 510 (A. 270 , 175). 

Terpinolene melting at 75® (14 mm.), 

has not yet been observed in ethereal oils. It is produced when terpine 
hydrate, terpineol, and cineol are boiled with dilute sulphuric acid, 
and by heating pinene with the concentrated acid. Boiling oxalic 
acid or anhydrous formic acid also liberate it from the terpineol melting 
at 35® (A. 275 , 106 ; 888, ii) ; or anhydrous formic acid (A. 868, ii) 
with bromine terpinolene forms a dibromide CiQH^Brg, m.p. 70® 
(B. 27 , 447), and a tetrabromide Cj0HieBr4, m.p. 116®, from which 
it can be regenerated, in great purity, by reduction with zinc dust 
and alcohol (B. 42 , 4644!. H^ogen hydride is added to it with 
formation of dipentene dihalogenides. Terpinolene belongs to the 
most unstable terpenes, and is changed with especial ease by acids 
displacing the semicyclic double link into the nucleus and thus 
forming terpinene. 
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The Terpinene Group . — The name terpinene is used for designating 
the three following dihydro-cymols : 


CHj.CH.CH, 

C 

/ . 

HjC CH 

I I 

H,C CH 
C 

CH3 

a-Terpinene 


CH3.CH.CH, 
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H,C CH 
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C 

CH3 

y-Terpinene. 


Of these, the a- and y-terpinenes have been found m ethereal oils, 
while the j 3 ~terpinene has hitherto only been prepared synthetically. 
Both the natural terpinene and the terpinene artificially prepared from 
other terpenes or terpene alcohols represent a mixture of various 
amounts of a- and y-terpmenes, in which a-terpinene usually pre- 
dominates. The isolation of a perfectly pure a- or y-terpinene has 
hitherto not been accomplished. 

Terpinene (a+y), b.p. 179^-181®, D 0-846 (20®) (B. 42 , 2425), when 
pure, has an odour resembling lemons and is optically inactive. It 
has been found in cardamom oil, elemi oil, coriander oil, ajowan oil, 
etc., of which the latter is particularly rich in y-terpmene. It results 
on boiling dipentene, terpine, phellandrene, cineol, or dihydro-carveol 
with dilute alcoholic sulphuric acid, and when pinene is shaken with 
a little concentrated sulphuric acid. A particularly pure y-terpinene is 
obtained (1) from chloro-carvenene, the result of the action of PCI, 
upon carvenone, or by reduction of sodium and alcohol (B. 40 , 2471) ; 

(2) from carvenylaminc by rejection of ammonia (B. 40 , 1256) ; 

(3) from methyl-dichloro-methyl-keto-dihydro-benzol, with iso-propyl- 
magnesium iodide, and heating the resulting compound with alcoholic 
potash (B. 42 , 2404, 4427)* The last method ot formation represents 
a complete nuclear synthesis of terpinene. 

^-Terpinene, b.p. i73®-i74®, specific gravity 0-838, has been 
obtained from the condensation product of sabina-ketone with brom- 
acetic ester and zinc by rejection ot water and distillation of the 
resulting unsaturated acid, C^Hj, : CHCO2H, m.p. 68®. It unites with 
bromine to form a crystallised tetrabromide, m.p. 155®, while a- and 
y-terpinenes only yield liquid bromine addition products (A. 362 , 285). 

All three terpinenes unite with two molecules of halogen hydride to 
torm well-defined terpinene dihalogenides, from which, on heating 
with aniline or alcoholic potash, a mixture of a- and y-terpinene is 
regenerated. On shaking up with dilute alkali, dihalogen hydrates 
are converted into teiyinene-terpin and terpinenol compounds 
which are isomeric with the analogous conversion products of the 
dipentene halogenides, terpin and terpineol. 

Especially characteristic of a-terpinene is the formation of terpinene 
nitrosite CioHi,(NO).O.NO or C,qHi5(N.OH)O.NO, m.p. 155°, 
forined by the action of potassium nitrite upon terpinene dissolved in 
glacial acetic acid, and used for discovering terpinene in ethereal oils. 
It is insoluble in alkali, but gives, with bases, nitrolamines soluble in 
alkali. With ammonia it thus gives terplnene-nitroUmiue 



494 


ORGANIC CHEMISTRY 


(N.OH).NHj, m.p. ii8® (A. 241 , 320). With zinc dust the terpinene 
nitrosite and the nitrolamines are reduced to carvenone, while sodium 
and alcohol reduce them to tetrahydro-carvone and tetrahydro-carvyl- 
amine (B. 40 , 579). 

On oxidation with potassium permanganate, a-terpinene yields 

a, ai-dloxy-a-methyl-aj-lso-propyl-adlpinlo aold, m.p. which 

can be further broken down to co-dimethyl-acetonyl-acetone (A. 862 , 

293): 

CH,— C(CH,)--^ CH CH,— C(CH8)0H— CO,H CH,— CO.CHa 

CH,— CCCaHr) =CH ^ CH,--C(C8H,)0H— CO,H CH,— CO.CHlCHa), 

The isomeric y-terpinene, similarly oxidised, yields an erythrite 
CioHie(OH)4, m.p. 237®, which, under the action of dilute sulphuric 
acid, gives a mixture of thymol and carvacrol (C. 1909, II. 2159). 

Terpinene Dihydro-halogenides. — ^These, like the corresponding 
dip)entene compounds, occur in two stereo-isomeric forms, of which 
only the trans-form is solid at ordinary temperatures. They are 
formed from the terpinenes, but with greater ease, by the action of 
halogen h3*dride upon the bicyclic sabinene and thujene. Also 
from terpinene-terpin, and the terpineoJs, with glacial acetic halogen 
hydride. trans-Terpinene dichloro-hydrate, dibromo-hydrate, and 
di-iodo-hydrate melt at 52°, 59®, and 76®. A terpinene monochloro- 
hydrate CjoHieHCl, bp.j* 87®-92®. results from terpinene and sabinene 
with dry HCl in carbon bisulphide solution. It corresponds to ter- 
pinenol-4, since sodium and alcohol reduce it to carvomenthene (B. 40 , 
2959 )- 

PhMandrene Group . — By a- and ) 3 -phcllandrcne we denote two 
isomeric dih^^dro-c^TOols, both marked by the ease with which they 
combine \^ith nitrous acid to form well-marked pseudo-nitrosites. 
The phellandrenes belong to the most unstable terpenes, converted 
by acids into other terpenes, like dipentene and terpinene. ^^^ith 
halogen hydride and bromine they only form liquid addition pro- 
ducts, and, since they cannot be regenerated from the crystallised 
nitntes, they have not been hitherto obtained pure. 

^-PheHandreneC„H„=CH,.c<^CH^H,^CH.CH<^^JJ». bp. i 73 °-i 75 °. 

ii optically active and is pretty frequently found in ethereal oils, both 
with right-hand and left-hand rotation. d-a-Phellandrene has been 
found in water of fennel oil, elemi oil (A. 246 , 233), ginger-grass oil, 
while 1 -a-phellandrene has been found in Australian eucadyptus oil of 
Eucalyptus amygdalina and in aniseed oil (?). 1 -a-Phellandrene has 
been synthesised from the product of A*-iso-propyl-cyclo-hexenone 
and CHjMgl by rejection of water (A. 859 , 285), and also from chloro- 

E hellandrene, the product of the action of PCI5 upon carvotane-acetone, 
y reduction with sodium and alcohol (B. 88, 1832). 

On oxidation with potassium permanganate, a-phellandrene 
produces a-oxy-^-iso-propyl-glutaric acid and iso-propyl-succinic acid. 
Sodium and alcohol reduce it to carvo-menthene (B. 86, 1749). 

The bimolecular a-phellandrene nitrite, obtained with nitrous acid, 
occurs in two stereo-isomeric (?) forms, m.p. 105® and 113®, and on 
reducing with zinc and glacial acetic acid it yields a-phellandrene- 
diamine C»H„(NH,),. b.p. 133® (17 mm.), which shows that both 
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nitrogen atoms axe linked with carbon. With bases, it does not yield 
nitrolamines like the formal nitrosites. With sodium silcoholate it 
splits off hypo-nitrous acid and forms nitro-a-phellandrene, b.p. 
I25‘’-I29° (9 mm.), which can be reduced, with zinc and glacial acetic 
acid, to active caroo-lanacetone and, with sodium and alcohol, to 
tdrahydro-carvone (A. 336 , 9). 


C.CH, 

HC CHNO, 
H,C CHNO 

a*Phellandrene 

nitrite 


C.CH, 

/•\ 

HC CNO, 

H,C CH 

Nitro-a-phellan- 

drene 


C.CH, 

/\ 

HC CO 

H,C CH, 

^.CsH, 

Carvo-tanacetone 


CH.CH, 
H,C CO 


H,C CH, 

\/ 

CH.C,H, 

Tetrahydro- 

carvone. 


j 3 -PhellandreneCH.=c<(CH*;:^H*>CH.CH^ci^, b.p.„ 57°, occurs 

in a dextro-rotatory form in the oil of Phellandrium aquaiicum. In 
the air it oxidises very readily, splits off the hemi-cyclic CH, group, 
and passes into AMso-propyl-cyclo-hexenone (A. 343 , 29). By 
oxidation with a very dilute permanganate solution, we obtain a 
glycol CioHj,{OH)„ b.p. 150® (10 mm.), which, on treatment with 
dilute sulphuric acid, yields tetrahydro-cumin-aldehyde besides 
dihydro-cumin-alcohol. Stronger action by potassium permanganate 
produces a-oxy-j 3 -iso-propyl-adipinic acid : 


CH,— CH, CO,H 

C,H,.CH— CH (OH) .CO,H 
a-Oxy- /?-iso-propyl- 
adipinic acid 


CH,— CH,— C :CH, 

C,H,CH — CH=CH 
^-Phellandrene 


CH,— CH,— CO 
C,H, CH — CH — CH 
A*-Iso-propyl-cyclo- 
hexenone 

CH, CH,— C(OH)CH,OH CH,— CH,— CH.CHO 
C,H,CH — CH — CH *’CjH,.CH — CH^CH 

^-Phellandrene-glycol Tetrahydro-cumin-aldehyde. 

The ) 3 -phellandrene nitrite C9Hi4(NC).CH,.N02, m.p. 98° and 102®, 
produced by nitrous acid, is reduced by zinc and glacial acetic acid to 
j3-phellandrene-diamine, b.p. 134® (ii mm.), while sodium and alcohol 
reduce it to cumin-aldehyde. Sodium alcoholate converts it into 
nitro-j 3 -phellandrene CjoHi^NO,, which, on reduction with zinc and 
acetic acid, passes into dihydro-cumin-aldehyde (A. 340 , i). 

A»>‘-Menthadlene CH,.CH<^^^=^j^CH.CH(CH,)„ b.p. 174®. usually 

obtained synthetically by V. Baeyer from succinylo-succinic ester by 
conversion into i-methyl-4-iso-propyl-cyclo-hexanione-2,5, reduction, 
and rejection of zHgO. It yields no crystalline bromide or nitrosite, 
and does not seem to be identical with any of the known terpenes 
(B. 26 , 232 ; 27 , 453). 

A3*8(»).p.])|0||thadiene CioHj,. b.p. 184®, tetrahydro-p-toluj lie acid 
ester with MglCH, (C. 1910, II. 80 ; see B. 39 , 2585). 

Sylvestrene b.p. 176®, has 

been fr^ind in the Indian, Swedish, and Russian turpentine oil, and oil 
of pine-needles. It is dextro-rotatory, [a]D= +66-32® (A. 252 , 149), 
and possesses a pleasant odour resembling lemons. Synthetically, it 
has been prepared from d-A*-tetrahydro-m-toluic ester by trans- 
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position with CHjMgl and elimination of water (Perkin). Its solution 
in acetic anhydride is coloured a deep blue by the addition of con- 
centrated sulphuric acid. Similar behaviour is shown by carvestrene 
and dihydro-benzol, while other terpenes, under the same conditions, 
show a red or reddish-yellow colour. It is one of the most stable of 
terpenes, and cannot be transformed into isomeric terpenes by means 
of either heat or acids (A. 239, 28). On bromination of its dihydro- 
bromide and subsequent reduction with zinc dust and HCl, m-c3nmol is 
obtained, while limonene, treated similarly, gives p-cymol. Sylves- 
trene is probably, therefore, the limonene of the m-cymol series (B. 81, 
2067). Like limonene, it forms, by addition of two molecules halogen 
hydiide, dihalogenides, which, however, in contrast with the corre- 
sponding limonene compounds, are opticsJly active, and from which, by 
boiling with aniline and sodium acetate, optically active sylvestrene is 
regenerated. By treatment with dilute potash the dihydro-halogenides 
are converted into the alcohols corresponding to terpin and terpineol, 
viz. sylveterpineCioHig(OH) 2 , m.p. 136°, and sylveterpineole 
b.p. 210° (A. 357, 72) : dihydro-chloride C,oH„Clj, m.p. 72° ; dihydro- 
bromide, m.p. 72° ; dihydro-iodide, m.p. 67° ; tetrabromide 
m.p. 135®; nitroso-chloride CioH4g(NO)Cl, m.p. 107® (A. 252, 150). 

Carvestrene CjQH,g, boiling at 178®, results from the distillation of 
carjdamine chlorohydrate. It is probably the optically inactive 
isomeride corresponding to sylvestrene (B. 27, 3485). Since, like the 
latter, it passes into m-cymol, it is probably the dipeniene of the m-cymol 
series (B. 31, 1405). Blue coloration, see S\ lvestrene. By nuclear 
synthesis it hns been obtained from the racemic A*-tetrahydro-m- 
toluic ester (C. 1907, I. 1408). 

The dihydro-chloride melts at 52®, and the dihydro-bromide at 48®-5o®. 
On the synthesis of a terpcne linkage isomeric with carvestrene, viz. 
A**®W-m-menthadiene, b.p. 177®, see C. 1909, I. 171. 

Hydro-terpenes. — Hydrocarbons derived from menthol and 
tetrahydro-caiv^eol as foundation substances, and containing two to 
four atoms more of hydrogen than the preceding bodies, bear close 
kinship to the latter. The two alcohols just mentioned are derived in 
such a manner from hexahydro-p-cymol that in both of them there 
are present secondary ring-^cohols of this hydrocarbon. When they 
lose water, menthene and carvo-menthene are produced. The produc- 
tion of the latter compounds from limonene and terpinene monochloro- 
hydrate, as well as from a-phellandrene, by reduction with sodium and 
alcohol, has been mentioned above. 

Carvo-menthene CioHjg, b.p. 175® (cp. /. pr. Ch. 2, 66, 274 ; B. 40, 
2959). Its nitroso-chloride melts at 87®, and its nitrol-benzy 1-amine at 
1007®. 

Menthene, mentho-menthene CioHjg, b.p. 167®, with specific gravity 
0 806 or 0*814 (20®). It is best made by acting with potassium 
phenolate upon menthyl chloride (B. 29, 1843) ; or by the dry distilla- 
tion of menthyl- xanihogenic methyl ester C,oHioOCSSCHj (B, 82, 3332) ; 
it is obtained direct from menthol by heating with dilute sulphuric acid 
or oxalic acid (C. 1900, I. iioi ; 1901, II. 1158; B. 87, 1374)* i-Men- 
thene has been obtained from the condensation product of i, 4-methyl- 
cyclo-hexanonewith iso-propyl-magnesium iodide by splitting off water 
(C. 1906, 1. 341). Nitroso-chlorides, see B. 29, 4. 
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The constitution of the two hydrocarbons follows from their re- 
lation to carvacrol and menthol. Carvacrol readily results from a 
rearrangement of carvone, which, upon reduction, yields tetrahydro- 
carveol, with which menthol is isomeric. The constitution of menthol, 
on the other hand, is proved by conversion of the corresponding ketone, 
menthone, into 3-chloro-cymol and thymol. By removing water from 
these alcohols, or hydrogen chloride from their chlorides, two different 
tetrahydro-cymols are formed : 


CH3CH<CH.JH(OH)\,ch.CH<; 


CH^ 


CH.CH<™-J» ;CCH< 


CH3 

CH. 


Menthol 


Menthene 




-CHj 

Tctrahydro-carveol 


CH, 


Carvo-menthene. 


/CH, 

3 


When oxidised with potassium permanganate, menthene yields (i) 
menthene glycol, (2) a keto-alcohol boiling at 105° (13*5 mm.), and 
(3) the fatty acids arising from menthone (B. 27, 1636) ; while carvo- 
menthene yields (i) a ketone aldehyde CjoHigOg, b.p. about 120®, (2) a 
ketonic acid CjoHigOa, b.p.g about 175°, and {3) j3-iso-propyl-glutaric 
acid (B. 40, 2959). 

A (S)-menthene, dihydro-terpinolene : C< 

~CHj/ nCH, 

b.p. 173®, D 0-831, has been obtained from the condensation product 
of I, 4-methyl-cyclo-hexanone with bromiso-butyric ester and zinc 
by rejection of water, and distillation of the resulting unsaturated acid. 
Nitroso-chloride, m.p. 102®. On boiling with dilute H2SO4 it trans- 
poses into i-mcntho-mcnthene (A. 360, 70). Tn the same manner the 
corresponding menthenes of the o- and m-series have been obtained 
(A. 360, 75). 

A»(9)-Menthene b.p.j, 54“. is formed 

by reduction of iso-pulegol chloride with sodium and alcohol. On 
oxidation, it yields hexahydro-p-acetyl-toluol and hexahydro-p- 
toluic acid (B. 39, 2582). 

By reducing menthol with HI, or menthyl chloride with sodium 
and alcohol (B. 29, 317 ; /. pr, Ch. 2, 60, 158) a hydrocarbon has been 
obtained which is probably hexahydro-c>'mol. 

Hexahydro-cymol, menthanc, mentho^naphthenc 

b.p. 169®, Do o-8o66. The same hydrocarbon is probably represented 
by the hexahydro-cymol obtained by the reduction of terpin hydrate 
(B. 23, R. 433), terpineol (C. 1905, II. 135), and d-limonene (C. 1910, 1. 
349), as well as resin oil. 


2. Alcohols of the Monocyclic Terpene or Mesthane Group. 

Monacld Menthane Alcohols. — Hexahydro-p-cymol yields the 
isomeric menthols. 

Secondary Menthols.— 1-Menthol, mentha-eamphor, 5-methyl-2- 

VOL. II. 2 K 
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iso - propyl - hexabydro-phenol (sec 

above), m.p. 44® and b.p. 212®. It is the chief constituent of 
peppermint oil (from Mentha piperita and Mentha arvensis, var. piper- 
ascens). It is formed in the reduction of menthone (/. pr, Ch, 2, 55 , 
14), and is oxidised by chromic acid to 1 -menthone. By the exit of 
water it yields menthene (see above), and by reduction hexahydro- 
cymol results (above). Potassium permanganate converts it into 0x0- 

menthylic acldCH3.CH<^^^**^^*^co.CH.(Cl4)„ boiling at 174° (15 mm.) 

(A. 289 , 362), and j 3 - methyl-adipic acid 
melting at 89° (B. 27 , 1818). 

A mixture of two racemic menthols, m.p. 25® and 49®, is obtained 
by the reduction of thymol with hydrogen and nickel. From the 
fiiret of these, by splitting up the corresponding phthalic ester acid 
with cinchonin or brucin, we obtain the natural 1-menthol (C. 1909, 
1. 1872). 

Menthyl chloride CjoHigCl boils at 204®. The ethyl ether boils at 
212®, and the benzoyl ester melts at 54®. Menthyl-xanthogenic methyl 
ester, m.p. 39®, gives menthene on dry distillation (B. 35 , 2473). Iso- 
valeiianic ester, b.p.^o 126®, is recommended under the name of 
“ validol ** as a remedy for sea-sickness. The chloro-methyl-men- 
thyl ether, formed by the action of HCl upon a mixture of menthol and 
formaldehyde, is used under the name '‘formane'* as an antiseptic. 
Its composition is CjoHi^OCHaCl, b.p.^ 161®. 

Tetrahydro-carveol,can'o-men/Ao/CH,.CH<(^”^^^^”»^H.CH(CH,)„ 

isomeric with menthol, is a thick oil, volatile without decomposition. 
It is formed when tetrahydro-carvone and carvenonc are reduced in 
moist ethereal solution with metallic sodium. A mixture of racemic 
carvo-menthols is obtained by the reduction of carvacrol with Ni and 
H (C. 1908, I. 733)* 

Its genetic connection with carvacrol (see above) would indicate its 
constitution. 

Tertiary menthols are produced when their hydro-iodic acid esters, 
addition products of HI and menthene by means of carvo-menthene, 
are treated with moist silver oxide (see also B. 29 , 1844 ; /. pr, Ch, 2, 
60 , 259). It is noteworthy that the addition of the halogen hydrides 
to the menthenes produces the same tertiary menthyl halogenides as 
are obtained from menthol and tetrahydro-carveol, with the phos- 
phorous halogenides and halogen hydrides. 

Tertiary inentbol-4 ch,.ch<(^JJ*;;^J*')c(OH).ch(ch,),. b.p. loo” 

(20 mm.), has a faint peppermint-like odour. It is formed by the 
action of iso-propyl - magnesium iodide upon i, 4 - methyl - cyclo - 
hexanone (C. 1906, II. 342), On heating with KHSO it yields 

menthene. 

Tertiary earvo-menthol CH,c{OH)<(^j|‘2;^”*^H.CH(CH,), boils at 
96®-ioo* (17 mm.). 

Tertiary mentbaDol-S ch,ch<^JJ^JJ*^h.C(oh)(ch,),. m.p. 36*. 
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b.p. 207®, from hexabydro-p-toluic ester and methyl-magnesium iodide 
(C. 1905. II. 239). 

Diaeid Alcohols. — In this group are the two terpins, cis-terpin 
and trans-terpin, corresponding to the cis- and trans - dipentene - 
dihydro-halogenides, with which they are intimately related. At 
present the following formulae are assigned them (see B. 29 , 5 ; 
C. 1897, 11 . 420) : 

CHs\ HOV/CH,-CH,\ /H 

HO/ \CH,— CH,/^\C(CH,),OH CH»/^\CH,— CH,/'^\C(CH,),OH 

cis-Terpin trans- Terpin. 

These are in harmony with the oxidation of terpin hydrate to terebic 
acid, as well as with its formation from linalool. Cineol is to be 
regarded as the oxide corresponding to the cis-terpin. 

Terpin, cis 4 erpin CioHi8(OH)2, melting at 104® and boiling at 
258°, really attracts water and passes into a body distinguished by 
its great power of crystallisation, viz. : 

Terpin hydrate CioHi8(OH)2+H20, m.p. 117°, from which it is 
prepared by protracted heating to too®. Terpin corresponds to cis- 
dipentene-dihydro-bromide, from which it can be obtained by treat- 
ment with silver acetate in glacial acetic acid, and saponifying the re- 
sulting diacetyl derivative with alcoholic potash. Terpin hydrate is also 
produced if turpentine oil is allowed to stand with dilute nitric acid and 
alcohol (A. 227 , 284), as well as from pinene, dipentene, and d-limonene 
with dilute acids. It forms, furthermore, on bringing dipentene and 
d-limonene dihydro-chloride into contact with water, and when ter- 
pineol and cineol are acted upon by dilute acids. Synthetically, it has 
been obtained by the action of methyl-magnesium iodide upon i, 4- 
cyclo-hexanone-carboxylic ester (C. 1907, 1 . 1412). 

The haloid acids convert terpin hydrate into the cis- and trans- 
dihydro-halides of dipentene. When boiled with dilute acids it passes 
into terpineols (B. 27 , 443, 815), cineol, dipentene, terpins, and ter- 
pinolenes. 

trans-Terpin CioHi8{OH)j, m.p. i56®-i58® and b.p. 263®-265®. is 
formed from trans-dipentene-dihydro-bromide (see cis-Terpin), into 
which it finally reverts upon treatment with hydrogen bromide. It does 
not combine with water of crystallisation. 

Cineol, eucalyptol CioHjgO, b.p. 176®, with specific gravity 0-923 
(16®), nD=i-4559, is a liquid with a camphor-like odour, and repre- 
sents the glycol anhydride corresponding to cis-terpin. 

It occurs in many ethereal oils, in oleum etna, the worm-seed oil 
of Artemisia cina, cajeput oil, eucalyptus oil, rosemary oil, sage oil, etc. 
Hydrochloric acid gas conducted into a petroleum ether solution of 
cineol precipitates an unstable addition product CjoHigO.HCl (?), 
which water resolves into its components, and which serves for the 
separation of cineol. With phosphoric acid, resorcin, hydrogen ferro- 
and ferri-cyanide, etc., cineol forms compounds resembling salts 
(B. 84 , 2689 ; C. 1907, II. 240). 

In glacial acetic acid solution the haloid acids change cineol into 
dipentene dihydro-halides. At low temperatures hydrogen bromide 
produces cis-dipentene-dihydro-bromide. PgSg converts cineol into 
cymol. Potassium permanganate oxidises cineol (i) into cineolic acid 
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(2). This is converted by heating with water at 160-165® into cinenic 
acid (3). Distillation of the anhydride of cineolic acid yields methyl- 
heptenone {4). 


(I) 

(2) 

(3) 

( 4 ) 

CH,— CH -CH, 

CH,— CHCO,H 

I C(CH,), 

CH,— CH, 


1 C(ch8), I 

C(CH,), 

C(CH8), 

1 ^ 1 

1 ® 

6 


CH,— C(CH,)— CH, 

CH,— (i(CH8)CO,H 

CH,— C(CH8)C0,H 

CH,— COCHj. 


Cineolic acid melts at 196®-! 97® with decomposition ; its anhydride 
melts at 78® and boils at 157® (13 mm.). On heating with concentrated 
H 2 SO 4 it yields i, 3-dimethyl-ben2oic acid (B. 39, 4083). Cinenic 
acid CjHjjOj, m.p. 84®, is formed synthetically from the hydrate of 
methyl-heptenone by addition of prussic acid and saponification. By 
the action of concentrated H2SO4 it passes into S-acetyl-aa-dimethyl- 
valerianic acid with migration of a methyl group (B. 33, 1129 ; 34, 
2191 ; 41, 1278). 

As terpin corresponds to the dipentene-dihalogenides, so we 
have, corresponding to the terpinene dihalogenides, terpinene-terpin 

CH,(OH)C<^C”*;;^U*^(OH).CH(CH,)^ m.p. 138“. b.p. 250°. which 

sublimes on heating. It is formed by the action of dilute potash 
upon terpinene dichlorohydrate, to which it reverts on treating with 
glacial acetic-hydrochloric acid. It is also obtained from sabinene, 
thujene, and terpinenols with dilute sulphuric acid (A. 356 , 200). 
On heating with oxalic acid it splits off water and passes into ter- 

pinenol-4 and 1, 4-cineoI, ierpinene-cineol CHsC- O ~C.CH(CHs)a. 

CHa— CHj' 

b.p. 173®. This, with HBr, yields terpinene dibromo-hydrate (A. 856 , 
204). 

On the meta-series compound corresponding to terpin, sylveterpin, 
see above, and C. 1007, 1 . 1408. 

Henthene-flycol CioHig(OH),, melting at 77® and boiling at 130® 
(13 mm.), results when menthene is oxidised with potassium perman- 
ganate (B. 27 , 1636). An isomeric 3, 8-menthene-glycol CiqH, 8 ( 0 H)„ 
m.p. 8 t®, b.p.,0 145®, is obtained besides iso-pulegol by treating citron- 
ellal with dilute HjSO, ; on withdrawing water it passes into iso- 
pulegol (C. 1897, II. 304). 

2 , 8 -Dioxy-hexahydro-cymol CioHi8[2, 8](OH)8, a-form m.p. 113®, 
6-form m.p. 103®, is formed by reduction of oxy-dihydro-carvone, or 
by shaking up dihydro-carveol with dilute HjSOq. On boiling with 
25 per cent. HjSO*, it yields an oxide isomeric with cineol, dihydro- 
pinol CjoHigO, b.p., 58®, which unites with potassium ferricyanide to 
a crystJilline compound (B. 38, 1719). 

(c) Trlacld menthane alcohols have been obtained by oxidising 
menthene alcohols with potassium permanganate. 

I. 2 , 8, 9-Trloxy-hexahydro-cymol C, 8 H, 7 [ 2 , 8, 9 ]{OH )8 (i), from 
dihydro-carveol (see below), is a syrup, and with dilute sulphuric acid 
yields an indifferent oxide CjoHuO, boiling at i96®-i99® (A. 277 , 152) ; 
while upon oxidation with chromic acid it forms a ketone-alcohol, 
5 -acetyl-hexahydroH>-cresol, melting at 58 ® ( 2 ), which, upon further 
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oxidation, changes to hexahydro-m-oxy-p-tolnle add. melting at 153” 
(3). The constitution of this last acid is evident from its conversion 
by bromine into m-oxy-p-tolule acid, melting at 203° (4). These 
experiments give rise to the constitution formulae (B. 28 , 2141) : 


CHs CH, 

CH3 CH, 

CH, CH, 

CH, CH,OH 

CH, 

\/' 



\/ 
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( 3 ) 

( 4 ). 



2. 1, 2, 8 -Trioxy-hexahydro-eymol, dloxy-terpineol CjoHi 7 (OH)„ 
melting at 122°, formed from the terpineol melting at 35°, passes into 
carvenone when it is acted upon with dilute sulphuric acid (A. 277, 122). 

3. 1, 8 , 9-Trloxy-hexahydro-eymol CioHi 7 [i, 8, 9] (OH),, m.p. 118°, 
from /3-terpineol. 

4 . 1,4, 8 -Trioxy-hexahydro-eymol CioHi 7 [i, 4 , ^( 0 H) 3 + 3 H, 0 , 
melts in the anhydrous state at iio°-ii2® and boils at 200° (20 mm.). 
It is formed from A**®-terpineol (B. 28, 2296). 

5 . 1, 2, 4-Trioxy-hexahydro-cymoI (i) CioH„[i, 2 , 4 ]( 0 H),+H, 0 , 

m.p. 117°, anhydrous, m.p. 129'’, and 

6. 1 , 3, 4-Trloxy-hexahydro-cymol (2) CioH„[i, 3, 4] (OH),, m.p. 
121°, are formed by the oxidation of terpinenol-4 and terpinenol-i. On 
heating with HCl the former passes into carvenone (3) and the latter 
into A^-menthenone (4). KMnO, oxidises both to aa,-dioxy-a- 
methyl-aj-iso-propyl-adipinic acid (5). These transformations, im- 
portant for the constitution of terpinenols and terpinene-terpin, are 
shown in the following scheme (A. ^ 6 , 207 ; 362, 261) : 


(3) CH, 

(i) CH, OH 

( 5 ) CH, OH 

(2) CH, OH 

(4) CH, 
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Tetra-aeld-menthane aloohob are formed by the oxidation of 
some terpenes with potassium permanganate ; (i) Limonetrite CjoHi, 
(OH)*, m.p. 192®, from d-limonene (B. 2 S, 2315 ; 28 , 2149) ; (2) erythrite 
of terpinolene, m.p. 150® (anhydrous) (A. 10) ; (3) erythrite from 

yterpinene, m.p. 237®, gives a mixture of carvacrol and thymol on 
heating with dilute HjSO* (A. 362 , 298 ; C. 1909, II. 2159). 

II. Menthene Aleohob (^gH^f. — On oxidation with potassium per- 
manganate these give three-acid alcohols (see above). 

Terpineob. — The " liquid terpineol " used in perfumery, obtained 
from terpin hydrate by elimination of 2HgO with dilute HjSO*. consists 
chiefly of the two isomeric a- and ) 3 -terpineols, m.p. 35° and 32®. 

a-TerpineoI, ^’^-menihenol-S CH,.C^“';];;^”*^H.C(0H)(CH8)., m.p. 

(optically inactive form) 35®, (active forms) 37^-38®, b.p. 219®, 
0*939, can also be obtained from linalool and geraniol. By nuclear 
synthesis it is obtained through the action of meAyl-magnesium iodide 
upon A*-tetrahydro-p-toluic ester (C. 1909, I. 170). Terpineols, of 
various origins, may be either active or inactive optically (B. 28 , 2180). 
A specially strongly laevo-rotatory a-terpineol, ap=—io6®, is obtained 
by the action of dilute H2SO4 upon methyl-nopinol (A. 860 , 88). On 
a laevo-rotatory terpineol from oil of turpentine, see C. 1889, I. 1241. 
Terpineol combines very readily with nitrosyl chloride. When 
hydrogen chloride is withdrawn from this body, an oxy-oxime, melting 
at 134®, is produced. Boiling dilute acids change it to carvacrol and 
carvone (B. 29 , R. 587). Hence it follows that in terpineol and carvone 
the carbon atoms are similarly grouped. Terpineol nitroso-chloride 
and limonene nitroso-chloride are correspondingly constituted (B. 29 , 
9). Potassium permanganate oxidises terpineol (i) into trioxy-hexa- 
hydro-cymene, melting at 121® (2), while with chromic acid it 5delds a 
ketone-lactone, homo-terpenylic acid methyl-ketone CioHnOg (3), 
which, under the influence of potassium permanganate, breaks down 
into acetic acic^and terpenylic acid (4). Therefore, in terpineol melting 
at 35®, the OH group probably is in union with carbon atom 8 (B. 28 , 
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When terpineol is heated with potassium bisulphate it changes to 
dipentene, and when boiled with oxalic acid to terpinolene (A. 275 , 
104 ; 868, 10). 

^-Terpineol, ^^^^-menihenol-i 

nCH, — CH, ^ ^Cri3 

m.p. 32®, b.p. 210®, Du 0*923; nitroso-chloride, m.p. 103® (A. 8tt, 
127), yields with permanganate i, 8, 9-trioxy-hexahydro-cymol, which 
on forther oxidation with chromic acid yields 4-acetyl-i, i-methyl- 
cyclo-hexanol ; the latter may be converted into tetrahydro-p-acetyl- 
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toluol, p-acetyl-toluol, and p-toluic acid (B. 85 , 2147 ; A. 824 , 79). 
For synthesis of j 3 -terpineol, see C. 1904, II. 330. 
y-Terpineol, ^*<^>-menthenol-i 

— CHj/ ^CH3* 

melts at 69®. Its acetate results on treating tribromo-terpane or tetra- 
hydro-dipentene tribromide with glacial acetic acid and zinc dust. 
Glacial acetic acid and HCl convert it into a mixture of dipentene and 
terpinene dichlorohydrate (A. 350 , 160). With NOCl it forms a blue 
nitroso-chloride, just as tetramethyl-ethylene does. Consequently it 
probably also contains a tertiary-tertiary double union. In addition, 
its OH group must be in such a position that dipentene dihydro- 
bromide can be produced with hydrogen bromide. 

Terpinenols . — ^As from terpin, so also from terpinene-terpin, un- 
saturated alcohols may be obtained, by splitting off one molecule of 
water. These are termed terpinenols (A. 366 , 206 ; 362 , 261). 
TerpinenoI- 4 , A^-menthenol-4 b.p. 

212®, found in dextro-form in cardamomene and majoran oil 
(A. 356 , 168). d-Terpineol-4 is formed by shaking up sabinene and 
thujene in dilute H2SO4, sabinene hydrate being formed intermediately, 
and easily passing into terpinenol-4. i-Terpinenol-4 is produced by 
the action of dilute potash upon terpinene dihydro-chloride, and from 
terpinene-te^in with aqueous oxalic acid. With glacial acetic hydro- 
gen haloids it yields terpinene dihaloids, with dilute H^SO^ terpinene- 
terpin, By oxidation with Mn04K we obtain the i, 2, 4-trioxy-hexa- ' 
hydro-cymol. 

Terpinenol-l, 6P-menthenol-i CH,.C(OH)<('^^*— SS b.p. 

209®, is found in the first samples of industrial terpineol. It is 
synthesised from A^-iso-propyl-cyclo-hexanone with methyl-mag- 
nesium iodide. On oxidation it 5delds i, 3, 4- trioxy-hexahydro- 
cymol. 

Dihydro-carveol, A^»^-menthenol-2 

b.p. 224®, Di 5 0*937, nD= 1*482, optically active, with a pleasant odour 
recalling terpineols, was found in carraway oil (C. 1905, I. 1470) ; it is 
formed by the reduction of carvone ; dihydro-carveol-xanthogenic 
methyl ester on dry distillation 5delds d-limonene (C. 1908, I. 1180). 

Iso-pulegol, A^^^-tnenthefwl-3 

b.p.i3 91®, from the isomerisation of citronellal with acids. On oxida- 
tion it passes into the ketone, iso-pul egone. 

A»-Menthenol-8 ch,ch<^ch.^h ^c.c{oh)<;ch, ^ ^ ^ p 

97°, by the action of CHjMgl upon A’-tetrahydro-p-toluic ester or 
A*-tetrahydro-p-acetyl-toluol (C. 1910, II. 80). 

A*-Menthenol-l ch,(OH)C<(^h^h b.p.,, 92“, by 

transposition of AMso-propyl-cydo-hexenone-4 with CH,MgI. Easily 
loses water and forms a-phellandrene (A. 859 , 283). 

Menthadlene Alcohols. — CarveoKmethyl ether CjoHj,OCH„ boiling 
at 2o8°-2I2°, with sp. gr. 0*9065, nD=i*47586 (18°), represents the 
methyl ether of such an alcohol. It is formed in the action of 
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sodium upon the alcoholic solution of limonene tetrabromide. Chromic 
acid oxidises it to inactive carvone (A. 281, 140). 

3. Bases of the Monocyclic Terpene or Menthane Group. 

Menthane bases have been obtained by the reduction of the oximes 
of the methane-ketones with sodium and alcohol, or upon heating the 
ketones with ammonium formate. 

/NH, 

d-Menthylamine and l>menthylamlnec \ch.ch(ch,)„ 

boiling at 205®, have an unpleasant odour, and attract COj from 
the air. The bases have opposite, but unequal, rotatory power ; 
the same is true of their derivatives (A. 276, 299). They can be 
separated by means of their formyl compounds, both of which are 
formed on heating menthene with ammonium formate. d-Formyl- 
menthylamine, melting at 117®, dissolves with more difficulty. 
l-Formyl-menthylamine melts at 102°. 1-Menthylamine can also be 
obtained from 1-menthoxime. With HNOg, 1-menthylamine passes 
straight into 1-menthol, w’hile d-menthylamine mostly forms menthene 
(conclusions as to configuration, see A. 300, 278 ; 353, 323). On 
treating the bromyl compounds of menthylamines with 
1-menthylamine jdelds 1 -menthyl-hydrazin CioHjgNHNHg, b.p. 241°, 
while d-menthylamine forms menthazin CjoHjg : N.N : CjoHjg, m.p. 51° 
(C. 1900, 1. 654). l-MenthyUhydrazin is useful for splitting up racemic 
aldehydes and ketones (B. 36, 1192). 1-Men thyl-carbimide CioHi,.N : 
CO, b.p.jj no®, from 1-menthylamine, chloro-carbonic ester, and 
distillation of the resulting menthyl-carbaminic ester with PgOg. May 
be used for splitting up racemic alcohols (C. 1904, II. 332). 

Te trahy dr o-carvy lamine, carvo-menthylam ine 

CH, CH< 

boils at 212° (A. 277, 137 ; C. 1908, I. 733). 

Tert. menthylamine ch,.ch/^”* -S|^*>C(NH.)CH(CH3), and tert. 

j— — ^ H. j ^ 

carvo-menthylamlne ch,(NH,)c/^”*“S2*Vh.ch(CHs), have been 

obtained by the interaction of menthene hydrobromide, carvo-menthene 
hydrobromide, and silver cyanate, with subsequent saponification 
(B. 26, 2270, 2562). 

2, 4-Diamido-menthane CioHi8(NH2)2, b.p.12 121®, from carvenone- 
oxamine oxime (B. 41, 2528). 

Menthene bases have been prepared by the reduction of the oximes 
of men thene-ket ones. Carvenylamine C10H17NH2, b.p.jg 86®-89®, from 
carvenone oxime with A1 amalgam. Its chlorohydrate yields a-ter- 
pinene on distillation (B. 41, 2524). 

Dibydro-carvylamine CioHpNH2, b.p. 219®, with sp. gr. 0-889 (20®), 
Ho =1-48294, is optically active, and is obtained from carvonoxime 
CioH| 4 : NOH. Its chlorohydrate breaks down completely at 200® into 
cymol and terpinene, with migration of linkage (A. 868, 13). 

Pnlegoiiamlne (A. 262, 13 ; B. 29, R. 173 ). 

Nitrolamines have been obtained from nitroso-chlorides — e,g. 
limonene — ^by transposition with primary and secondary bases. 
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4. The Ring-ketones of the Monocyclic Terpens 
OR Menthane Group. 

Ketones like these are found in the vegetable kingdom. They are 
produced by the oxidation of the corresponding secondary alcohols, 
and by continued oxidation they change to cyclic and aliphatic car- 
boxylic acids— decomposition products, — the constitution of which 
furnishes insight into the constitution of the ring-ketones and their 
derivatives. The ring-ketones of the terpane group, like other ketones, 
are characterised by their oximes and the sparing solubility of their 
semi-carbazones. 

(a) Keto-menthanes, keto-hexahydro-p-cymols CjoHigO. 

Henthone j,^^H.CH(CH 3)„ boiling at 208“, sus- 

tains the same relation to menthol that camphor bears to borneol. 
It occurs in Japanese, American, and Russian peppermint oils, together 
with menthol, esters of menthol, menthene, and limonene. Menthone 
is known in two optically active modifications. 1 -Menthone is obtained 
upon oxidising menthol with potassium bichromate and sulphuric acid 
at a temperature not exceeding 50® (A. 250 , 322). Its specific gravity 
equals 0*896 (20°), [a]u=--28°. Concentrated sulphuric acid, in the 
cold, rearranges 1 -menthone to d-menthone, [a]i>=-|-93*2® (B. 42 , 846). 

A d-menthone, [a]D=+43® 66', is found in the American polei oil 
from Hedeoma pulegioides (C. 1907, II. 242). Synthetically, i-menthone 
has been formed from jS-methyl-pimelinic ester by cyclic aceto-acetic 
ester condensation, introduction of the iso-propyl group, and saponi- 
fication (B. 34 , 3793). 

An optically active menthone is formed from the active i, 3-methyl- 
cyclo-hexanone obtained by breaking up pulcgone, by treating with 
sodium amide and iso-propyl iodide (C. 1905, I. 605) ; for other s^ti- 
theses of menthone, see A. 342 , 306 ; 357 , 209 ; also Rhodinal. 

The constitution of menthone is demonstrated (i) by its conversion 
into 3-chloro-cymol ; PCI5 changes menthone to dichloro-hexahydro- 
cymol, which splits off hydrogen chloride and becomes tetrahydro-chloro- 
cymol ; this in turn, by the action of bromine and quinolin, loses 
hydrogen, and ^-chloro-cymol results (B. 29 , 314). (2) By the formation 

of thymol through the elimination of 2HBr from dibromo-menthone 
CioHjsBrgO, melting at 80®, which is produced in the bromination of 
menthone in chloroform solution (B. 29 , 418). 

When 1 -menthone is reduced by sodium it forms I- menthol, 
while with ammonium formate the product is L - menthylamine. 
Potassium permanganate oxidises it to oxo-menthylic acid 

,CO.CH(CH,)„ and ^-methyl-adipic acid (B. 27 , 1820). 

Caro's acid produces the e-lactone of dimcthyl-octanolic acid 

CH»CH<(£.h|_CH,— CH.CH(CH,), ' 

dilute nitric acid produces nitro-menthone, which can be reduced to 
amido-menthone (C. 1898, II. 301). 

Amyl nitrite and hydrochloric acid convert menthone into nitroso- 
menthone and menthoximic acid, melting at 98®. This is the oxime 
of oxo-menthylic acid'(B. 29 , 27). 

Illumination of an aqueous alcoholic solution of menthone leads 
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to the splitting of the ring and produces decylic acid (CH3)2CH.(CH2)3 
CH(CH3)CH3C00H, and an aldehyde CioHjgO, possibly identical with 
a mentho-citronellal obtained by a transformation of menthone-oxime 
(B. 40 , 2419) 

Sodium and amyl formate change menthone to ozy-methylene- 
menthone, boiling at 121'' (12 mm.). 

Benzylidene-menthone, m.p. 51^, b.p.^a 189^, gives, on reduction 
benzyl-menthone, b-p.^© I75°“i78° (B. 87 , 232). With sodium and CO2, 
in ether solution, menthone gives menthone-mono* and dicarboxyllc 
acids (C. 1897, 11 . 759). 

1-Henthone-oxime, m.p. 61®, b.p. 250®, [a]D“— 42®, is transposed 
into 1 -menthone-isoxime by PCI5 in chloroform, or by acetic anhydride, 
or by concentrated H2SO4. The substance formed is the c-lactame of 
an €-amido-methyl-iso-propyl-capronic acid, m.p. 119®, b.p. 295®, [a]o 
= —52-25®. With P2O5 both bodies yield mentho-nitrile C9H17CN, 
b.p. 225®. which, on saponification, passes into the liquid menthonenlc 
acid C9H17COOH ; the latter is constituted somewhat like citronellic 
acid, but is not identical. The menthonylamine produced by the 
reduction of mentho-nitrile jdelds with HNOj a mentho-citronellol 
closely related to citronellol (A. 296 , 120). 

Tetrahydro-earvone CH3.ch.<^^^'^^*^ch.ch(CH 3)„ with sp. gr. 

0-904 (20®), nD=i-45539, is produced in the oxidation of tetra- 
hydro-carveol and by reduction of carone with Na in moist ether. 
Benzylidene compound, m.p. 175® (A. 305 , 266). The oxime melts at 
104®, the a-isoxime at 51®. ^-Isoxime melts at 104®. The semi-car- 
bazone melts at 174® (A. 277 , 133 ; 286 , 107 ; B. 26 , 822). When oxid- 
ised with p)otassium permanganate or treated with amyl nitrite and 
hydrochloric acid, tetrahydro-earvone is decomposed like menthone 

with the production of an acid, CHa.COv^ jS-iso- 

propyl-S-acetyl-valeric acid, isomeric with oxo-menthylic acid. Ener- 
getic oxidation produces iso-propyl-succinic acid (B. 29 , 27). 

With Caro’s acid we obtain the c-lactone of iso-propyl-heptanolic 

<®' » 3629). 

(h) Keto-menthenes C10H19O occur to a certain extent in nature, 
others are produced by the oxidation of the corresponding alcohols. 
They contain one double union. 

A»-Methene- 5 -ketone ’’ P- ^^ 3 ®. D® 0-918, 

nn=i-4720 ; its oxime, nitroso-menthene, is obtained from menthene 
nltroso-chloride by splitting off HCl (A. 805 , 272 ; 862 , 275). 

A^-Menthene-8-ketone b.p. 236°, semi- 

carbazone, m.p. 225®, has been found in Japanese peppermint oil ; it 
is formed besides cymol on heating i, 3, 4-trioxy-hexahydro-cymol 
with HCl (A. 862 , 271). 

Dlhydro-earvone, ^•W-menthene-2-on 

>CO — — CH,/ '^CJria 

b.p. 221®, D,, 0 928, nD=i-47i74, was found in carraway oil (C. 1905, 
I. 1470) ; the d- and 1 -forms are produced from the corresponding di- 
hydro^arveols by oxidation, or direct by the reduction of the carvones 
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with zinc dust and alcoholic potash (A. 279 , 377). Benzylidene com- 
pound, b.p.io 187^-190® (A. 305 , 268). 

The oximes melt at 88®, and unite to the inactive [d+t\-oxime, melt- 
ing at 115®. Boiling ferric chloride converts dihydro-carvone into 
carvacrol; cp. carvenone and carone. Oxidation with potassium 
permanganate and afterwards with chromic acid changes it to 2, 5- 
methyl acetyUcyclo-hexanone (B. 28 , 2147, 2704). On the decom- 
position of dihydro-carvone by light, see B. 41 , 1928. 

Carvenone, carveol, A*-fng«^A^ntf-2-on ch*ch<^^^“^^ 

b.p. 232®, D 0*927, nD=i-4822, results from i, 2, 8- and i, 2, 4-trioxy- 
hexahydro-cymol on heating with dilute sulphuric acid besides cymol ; 
by isomerising dihydro-carvone and carone with mineral or formic acids ; 
by treating camphor, or rather dichloro-camphane, with H,S04 • 
by reduction of a-terpinene nitrosite with zinc and glacial acetic acid 
(/. pr, Ch, 2, 60 , 261 ; A. 314 , 369). Oxime, m.p. 91®. Hydroxyl- 
amino-oxime, m.p. 163® (B. 31 , 2896). Semi-carbazone, m.p. 202®. It 
is closely related to carvotan-acetone. Boiling ferric chloride oxidises 
carvenone to carvacrol, while heating with P anhydride produces 
cymol, and permanganate a-methyl-glutaric acid (A. 314 , 380). 
With PCI5 it produces monochloro - carvenene CiqHijCI, b.p.jo 
95®-98®, which on reduction with Na and alcohol yields a-terpinene 
(B. 41 , 4477). 

Carvo-tanaeetone, A^-menthene- 6 -on 

b.p. 228®, D21 0 938, 00=1*47926, results in an inactive form from the 
heating of thujone (tanacetone) to 280®. Its oxime melts at 92®, and 
its semi-carbazone at 177® (B. 28 , 1959). Optically active dextro- 
and laevo-rotatory carvotan-acetone, [a]o4-i9*2®, is obtained by 
careful reduction of a-phellandrene nitrite (A. 336 , 39). Its oxime 
melts at 72®, its semi-carbazone at 173®. A dextro-rotatory carvotan- 
acetone has also been obtained from carvone hydrobromide by reduc- 
tion with zinc dust and methyl alcohol (B. 34 , 1924). With H^S it 
combines like carvone to form the compound (C2oHi60)2H2S, m.p. 220®. 
On oxidation with Mn04K it yields pyro-racemic acid and iso-propyl- 
succinic acid (B. 33 , 2457). With PCI5 it gives monochloro- phellan- 
drene C10H24CI, b.p.^ 108®, which, with zinc dust and methyl alcohol, 
is reduced to a-phellandrene (B. 38 , 1832). 

Pulegon, ^*W-menthene-s-ketone ^=C(CH,)„b.p. 

221®, D 0-936, nD=i-4846, is contained in the ethereal oil of Mentha 
pulegium and Hedeoma pulegioides, which are sold under the name 
polei oil. By the addition of hydrogen, pulegone is converted into 
menthone ; by oxidation, into /3-methyl-adipinic acid and acetone ; and 
by heating with formic acid or with water under pressure, into acetone 
and 3-methyl-cyclo-hexanone, which on oxidation also yields /8-methyl- 
adipinic acid : 

If, on the other hand, methyl-cyclo-hexanone and acetone are 
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condensed, by means of alkalies, we obtain a geometrically isomeric 
pulegone boiling at 215® (A. 800 , 267). 

If pulegone dibromide (1) is boiled with sodium methylate solution, 
we get pulegenlc acid (2) CioHi«Oa, in which case the six-membered 
ring s}^tem is probably converted into a five-membered system. Oxi- 
dation with potassium permanganate converts the pulegenic acid into 
an oxy-lactone (3), which on heating with (2 : i) sulphuric acid is 
converted into pulenone (4) or 3, 6, ^trimethyl-cyclo-hexanone, with 
elimination of COt and ring expansion, and an atomic displacement 
quite analogous to the pinacolm transposition (A. 829 , 82 ; cp. also 
A. 876 , 154) ; 
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From pulegenic acid the hydrocarbon pulegen b.p. 139°, 

D 0791, is formed by rejection of COj. Its nitroso-chloride can be 
converted into pulegenone C9HJ4O, b.p. 190°, a ketone closely related 
to camphor-phorone (A. 327 , 125). 

Pulegone combines, like other ajS-unsaturated ketones, with sodium- 
malonic ester (A. 345 , 158, 188) and potassium cyanide (C. 1907, 1 . 721). 

Benzylidene-pulegone, b.p. 203° (A. 305 , 267) ; by the action of 
hydroxylamine upon pulegone in the presence of alkali, we obtain iso- 
pulegone-oxime with displacement of linkage. Under other conditions 
we obtain the hydroxylamine addition product, pulegone-bydroxyl- 
amine CioHi70(NHOH), m.p. 157®, which yields on oxidation nitroso- 
menthone, m.p. 35®, and by reduction amido-menthone (B. 31 , 1809 *» 
S2, 3365), as well as pulegone-hydroxylamine-oxime CioH„(NHOH) 
( : NOH), m p. 118®, which is reduced with sodium and alcohol to 
3, 8-diamido-menthane (B. 38 , 146). 

Iso-pulegone, l^^'f^^-menthene-yketone CH^CHC^^”*]^® yCHC\^”*. 

b.p.i4 103®, is obtained from its oxime, m.p. 120'', on heating with 
03^c acid (A. 365 , 24), from pulegone hydrobromide with basic lead 
nitrate, or by oxidising its alcohol, iso-pulegol, the isomeric product 
of citronellal. It contains two unsym. C atoms, and therefore occurs 
in several geometrically isomeric optically active modifications. By 
treatment with baryta water it is converted back into pulegone (B. 32 , 
3357 )- 

2 -Oxy-A^menthene-8-ketone m.p. 

84®, b.p.jo no®, is probably represented by the bucco-camphor or dios- 
phenol obtained from bucco leaves (Barosma), In its behaviour it 
shows both ketone and phenol character. With ferric chloride it gives 
a green coloration, it has an acetate and a benzoate, forms with 
phenyFiso-cyanate a phenyl-urethane, m.p. 41®, and with hydroxyl- 
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amine a monoxime, m.p. 125®. On heating with concentrated HCl it 
is converted into thymol, and a little carvacrol. On oxidation with 
ozone we obtain a-iso-propyl-y-acetyl-butyric acid ; and on reduction 
with sodium and alcohol, 2, 3-dioxy-hexahydro-cymol, which is oxidised 
by permanganate to a-methyl-a-iso-propyl-adipinic acid. Syntheti- 
cally, bucco-camphor is formed by oxidation of oxy-methylene- 
menthone with ozone (B. 39 , 1158). 

(c) Menthadiene-ketones, keto-dihydro-p-cymols C10HJ4O. — The most 
important member of this group is caroone, formerly called carvoL 
Its importance is due to its intimate relationship to carvacrol and 
limonene, which are isomeric with it. Carvone is known in three 
modifications, the d-, 1-, and [d-fl]-. 

d-Carvone ch,.c<^^°;^JJ*)c.ch(ch,). (B. 28 , 31). 

(B. 28 , 2145), fa]D=+62®, boiling at 225®, occurs in carraway oil and 
in dill oil. When heated with potassium hydroxide or phosphoric 
acid it changes to isomeric carvacrol or 2-methyl-5-iso-propyl-oxy- 
benzol ; hence it is assumed that in carvone the CO group, like the 
OH group in carvacrol, is in the ortho-position with reference to the 
methyl group. With PCI5 carvone forms a dichloride CioHj^Clg, which 
on distillation with quinolin yields 2-chloro-c} mol (B. 32 , 2555). 
Reduction changes it to dihydro-carveol, while ammonium formate 
converts it into dihydro-carvylamine. Potassium permanganate 
oxidises carvone to oxy-icrpcnyltc acid CgHjgOj, which easily changes 
to a dilactone CgHigOg, melting at 129® (B. 27 , 3333 ; 28 , 2148), 
The carvones combine with hydrogen sulphide, hydrogen chloride, 
hydrogen bromide, and bromine (B. 28 , R. 548 ; A. 305 , 235 ; 
C. 1907, I. 568). On the splitting up of carvone tribromide to car- 
venolidene ^10^140 2, see A. 305 , 245. W^’ith sodium bisulphite we 
obtain the sodium salt of carvone dihydro-sulphonic acid (C. 1900, I. 
1155). On shaking up with dilute HgSOg, carvone takes up one molecule 
HgO and forms oxy-dihydro-carvone (carvone hydrate, B. 38 , 1719 ; 
39 , 677). 

With aceto-acetic ester carvone combines in the presence of sodium 
alcoholate to a dicyclic condensation product (B. 36 , 225). 

1-Carvone, [a]n== —60®, boiling at 230®, occurs in mint oil and curo- 
moji oil (B. 24 , 81). It is obtained pure by distilling its hydrogen 
sulphide compound, melting at 187®, with caustic potash (A. 305 , 224). 

[d+l]-Carvone, boiling at 230®, is formed on mixing d- and l-car\^one, 
as well as by oxidising carveol-methyl ether. Formation from terpineol, 
B. 29 , R. 587. 

The three carvones are linked through the three car\^oximes to the 
three corresponding limonenes. The carvoximes are prepared not only 
by the action of hydroxylamine upon the carvones, but kiso upon boil- 
ing the limonene nitroso-chlorides with alcoholic potash. d-Carvone 
and Mimonene correspond on the one side to each other, while on the 
other 1-carvone and d-limonene correspond, inasmuch as 1-limonenc 
nitroso-chloride yields d-carvoxime, and d-limonene nitroso-chloride 
l-carvoxime. 
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d^Carvozime, [a]o=*+397i*. and 1-oarvoxlme, [a]D-= -“39-34®, 
melt at 72®. [d+l]-Carvoxime melts at 33®, and is obtained from 
dipentene nitroso-chloride. Concentrated sulphuric acid rearranges 
car\'oxime to p-amido-thymol (compare rearrangement of jS-phenyl- 
hydroxylamine to p-amido-phenol, A. 279 , 366). Hydroxylamino- 
earvoxime CioHi5(NOH).NHOH, a syrup, oxidises to form the di- 
oxime of a diketone CioHi40 j, m.p. i85®--i87®, which is also formed direct 
from carvone by atmospheric oxidation in the presence of baryta, and 
is probably i, 4 \‘methyUiso-propenyl-dihydfo^resorcin (B. 84 , 2105). 


C. Dicyclic Terpene Group. 

The terpenes of this group are distinguished from the monocyclic 
terpenes by the fact that they can only add two univalent atoms or 
atomic groups. They therefore contain two carbon rings. These di- 
cyclic terpenes, and their derivatives containing oxygen, are joined 
up with the monocyclic terpene compounds by numerous transitions. 
Like the latter, they are closely related to p-cymol, and can usually be 
converted into this with facility. 

Their dihydro-compounds are derived from hexahydro-cymol either 
by joining two carbon atoms in the m-position towards one another, 
by a diagonal link, thus forming a compound of the trimethylene and 
pentamethylene group. This gives the sabinane or tanacetane group. 
Or, the tertiary carbon atom of the iso-propyl group is joined with a 
second carbon atom of the hexamethylene ring. According as to 
w-hether this link occurs in the o-, m-, or p-position, we get the funda- 
mental hydrocarbons of the carane, pinane, and camphane groups : 


CH, 

CH- Ch— CH, 
c!:h,-~c— CH, 

Sabinane 


CH3 

CH,— CH~ 

I I 

(CH3),Ck 

i n- 

CH, — CII— CH 
Carane 


CH, 

CH, — CH— CH 


CH, 


CH,— C CH, 


1 


1 

CH3CCH3 

i 1 


1 


CH, 


-CH, 


Pinane 


CH,— CH— CH^ 
Camphane. 


While these nuclear and bridge-linkages are stable as regards the 
usual addition-reactions, and are thus clearly distinguished from 
double linking, they are broken up with extraordinary facility by the 
action of higher temperatures, but especially by hydrating agents, 
giving rise to derivatives of the monocyclic terpenes. 


I. Sabinane or Tanacetane Group. 

The closely related compounds of this group, the most important 
representative of which is thujone or tanacetone, contain a compound 
trimethylene and pentamethylene ring, and can be broken down by 
oxidation into trimethylene-carboxylic acids. 

I. Hydrocarbons. — Sabinene and the two thujenes belong to these. 
All three contain the same carbon skeleton, and only differ by the 
position of the double linkage, since by gentle reaction they can be 
transformed into the same saturated dicyclic hydrocarbon CioHi,, 

sabinane or thujane (C. 1911, 1 . 313). 

Sabinene (i) b.p. i63®-i65®, D*, 0 842, n„ 1468, has been 
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found in its dextro-rotatory form in Ceylon cardamom oil, majoran 
oil, and pilea oil (A. 867 , 77 ; B. 40 , 2963). With quite HCl in 
CS2 solution it yields terpinene monochlorohydrate, with glacial 
acetic halogen hydride the corresponding terpinene-dihydro-haloids. 
By dilute H2SO4 it is converted, in the cold, into optically active 
teipinenol-4 and terpinene-terpin, and with heat into a-terpinene. On 
oxidation with KMn04, sabinene behaves like most other terpenes 
with semi-cyclically linked methylene group (cp. j 3 -pinene and cam- 
phene). Sabinene-glycol (2) is fu*st formed, m.p. 54®, which is then 
oxidised to an a-oxy-acid marked by its sparingly soluble sodium salt, 
viz. sabineric acid (3), m.p. 57®, and further to sabina-ketone (4), b.p. 
212°, containing one C atom less. The latter, on heating with aqueous 
or alcoholic H2SO4, easily splits the trimethylene ring, and forms 
AMso-propyl-cyclo-hexenone (6), and on further disintegration 
a-tanacetone-dicarboxylic acid (5) (A. 869 , 266 ; B. 86, 2045) : 

CH, CH,OH COOH 

(I) C (2) COH (3) COH (4) CO (5) COOH ( 6)^00 

/\ /' /\ /\ / /\ 

HC CH, HC CH, HC CH, HC CH, HC COOH HC CH, 

H,C <::h,“^HjC\ CH,“^H,C\ CH,“^H,C\ CH, HC CH, 

\ / \\/ \z 

C C C C C CH 

CsH, C:3H, C5H, CjH, C,H, CsH, 

As already mentioned, sabina-ketone may be used for building up 
fi-terpinene. 

'CH CH '' 

a-Thujene b.p. 152“. D^, 0-8275, rio 1-4504. 

CH^CH 

and ) 3 -thujene CH3CH<' . — - — ^C.CgH, (?), solid, b.p. 150®, 

^ Cl I— CH j/ 

0*8248, no 1*4484, have been obtained by distillation from the methyl- 
xanthogenate of thujyl alcohol, and from thujylamine by thorough 
methylation and by heating the resulting quaternary ammonium base 
(B. 84 , 2276 ; 87 , 1481). On oxidation with KMn04 a-thujene yields 
a-thuja-keto-acid (see below), and combines, with two molecules 
halogen hydride, to form the corresponding terpinene-dihalogen 
hydrates. On shaking up with dilute sulphuric acid it becomes, like 
sabinene, active terpinenol-4 and terpinene-terpin (A. 860 , 166 ; 866, 
201). Isomeric with these two hydrocarbons is iso-thujene, b.p. 172®- 
175®, D 0*840, n^ 1*476, formed by the dry distillation of thujylamine- 
chlorohydrate (A. 286 , 99). 

Sablnane, thujane, CioHig, b.p. 157®, is formed by the reduction of 
sabinene, a- and jS-thujene, with hydrogen in the presence of platinum 
black (C. 1911, I. 313). 

2. Alcohols. — Sabinene hydrate, methyUsabina-ketol 

CH -v CH — CH v 

HO^^^cHIIIch!?^*^^’' ni.p. 39®, b.p. i95®-2oi®, is formed besides 

a-terpinene by the action of methyl-magnesium iodide upon sabina- 
ketone. With glacial acetic hydrogen bromide it forms terpinene- 
dibromo-hydrate, and, on shaking up with dilute sulphuric acid, an 
optically active terpinenol-4 and terpinene-terpin (A. 367 , 64). 

CjjoH— CH \ 

Thnjyl-aleohol, tanacetyl-akohol b.p.,, 
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92*5*, D 0*9249, Ho 1*4635, is formed by reduction of thujone or tan- 
acetone, into which it reverts on oxidation. It is found, partly free 
and partly in the form of aliphatic esters, in wormwood oil (A. 272 , 109). 

Sabinol ch,=c<^^^ — b.p. 211°, Djo 0*9432, an 

unsaturated secondary alcohol, found in the form of its ester in oleum 
sabincr. It is converted into cymol by dehydrating agents, into 
tanacetone by short heating with zinc dust, and into tanacetyl-alcohol 
by reduction vdth sodium and alcohol. Careful oxidation with 
KMn04 converts it into sablnyl-glycerin CioHi5(OH)3, m.p. 153®, which 
easily passes into cumin-alcohol by splitting off water ; strong oxida- 
tion produces a-tanacetone-dicarboxylic acid (B. 33 , 1191, 1459 ; cp. also 
A. 360 , 98). 

3. Amines. — Thujylamine CioHj^NHg, b.p. 195°, by reduction of 
thujone oxime. On heating its chlorohydrate it yields iso-thujene. 

4. Ketones. — Thujone, tanacetone (i) QpHieO, b.p. 200°, D 0*917, 
nt,= 1*4511, is found in two physically isomeric forms — the Isevo-rotatory 
a-thiijone, [a]n= ^10*23®, semi-carbazone, m.p. 186°, oxime liquid, 
chiefly in thuja oil; the dextro-rotatory jS-thujone, [a] 0=4-76*16°, 
semi-carbazone, m.p. 171° and 175°, oxime, m.p. 55° — chiefly in the 
oil of Tanacetum vulgar e. Mixtures of both forms have been traced in 
wormwood oil, sage oil, absinth oil, and the oil of Artemisia Barr clieri 
(A. 336 , 247). On oxidation with KMn04 both forms give the chemi- 
cally isomeric a- and /3-thuja or tanaceto-ketone-carboxyllc acids 
CH3CO.C-HJ2 COOH, m.p. 75° and 78°, the a-acid being saturated and 
the /S-acid unsaturated. On heating, the a-acid turns into the / 3 -acid, 
the latter (2) being oxidised into a diketone (3), and then converted 
into S-dimethyl-laevulinic acid (4). The a-tanaceto-ketonic acid (5) 
is broken down, by bromine and alkali, to a-tanacetone-dicarboxylic 
acid (6) CyHj404, m.p. 142°, a saturated dibasic acid, which easily 
turns into anhydride, and is also formed by the oxidation of sabinol, 
sabinene, and a-thujene : 
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(- 4 ) CO,H 

(3) 

( 2 ) Co 

(I) C 

(5) Co 

(6) CO,H 

/ 

/ 

/ 



/ 

HX 

ILL 

H,C CO,H 

HC CO 

HC. CO^H 

HC CO,H 

H.C H.C 

^ H,C Ch 

■*'H,C\ CH, 

"*■ H,C , CH, 

\ CH, 

\ 

\ 



\'/ 


CO 

CO 

c 

C 

C 

C 

C3H, 

C3H 

7 C3H, 

CaH, 

CjH, 
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Condensation with benzaldehyde converts thujone into benzylidene- 
thujone, b.p.9 178°, which is split up by potassium permanganate into 
benzoic acid and homo-tanacetone-dicarboxylic acid CjoHic04, m.p. 
148°. This acid, like a-tanacetone-dicarboxylic acid, and tanacetone 
itself, probably contains the trimethylene ring (B. 36 , 4367 ; but see 
B. 33 , 1192). 

Thujone, treated with alcoholic sulphuric acid, turns into iso- 
thujone. On heating to 280°, it turns into carvo-tan acetone. These 
two ketones are unsaturated, in contrast with thujone (B. 28 , 1959). 
Thujone-oxime, m.p. 54®, with alcoholic sulphuric acid, turns into 
carvacryl-amine (B. 80 , 325) ; treatment with PCI5 converts it into 
the lactame-like Aujone-isoxime, m.p. 90° (A. 336 , 270). 
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l8o-fliuJonecH..c<§o— (?), b.p. 231M) 0-927. n„= 

1*4822, m.p. 119®. a- and j8-Semi-carbazone, m.p. 208® and 148®. 
Oxime, m.p. 120®. Benzylidene-iso-thujone (C10H14O) : CHC4H5, m.p. 
83®. When oxidised, iso-thujone yields a keto-lactone C10H14O3, and, 
further, jS-lso-propyl-laevuUnlc acid CH 8 COCH(C 8 H 7 ).CH 3 COOH ; by 
reduction a saturated alcohol is obtained, thuja-menthol, dihydro-iso- 
thujol C10H13OH, b.p. 212®, D 0*9015, nD= 1*4636, which, on oxidation 
wi£h chromic acid, forms thuja-menthone CiqHisO, b.p. 208®, D 0*891, 
nn 1*447. Oxime, m.p. 95® ; isoxime, m.p. 117®. All these compounds 
are probably derivatives of cyclo-pentane (A. 823 , 348 ; 386 , 276 ; 
B. 28 , 1958). 

xCH — CO\ 

UmbeUulone CH8.cQ_^c.C 8H„ b.p.^o 93 °, [a]n- 37 °, which 

occurs in profusion in the leaves of Californian laurel, Umbellularia 
californica. Semi-carbazone, m.p. 242®. On heating to 280°, it trans- 
poses into th5anol. Bromination and subsequent distillation produce 
p-cymol and other brominated bodies. Sodium and alcohol reduce it 
to the saturated alcohol CioHjy.OH, b.p.jo 90®, which, on oxidation 
with chromic acid, turns into dihydro-umbell^one 

•10 85“. 

The benzylidene compound of the latter, on oxidation with KMn04, 
yields, like benzylidene-thujone (see above), 1-homo-tanacetone-dicar- 
boxylic acid (B. 40, 5017 ; 41, 3988). 


Carane, Pinane, and Camphane Group. 

The derivatives of this group contain, as already stated, a hexa- 
methylene ring, in which two carbon atoms in the o-, m-, or p-position 
are joined together by means of a carbon bridge. In nature such 
compounds have only been found with an m- or p-bridge. Among 
the former we have pinene, extremely frequent in natural substances ; 
and among the latter we have camphor, the most important derivative 
in this group, and the closely related fenchone, as well as the derived 
terpenes, camphene and fenchene. Characteristic of the compounds 
of this group is the remarkable facility with which they undergo intra- 
molecular transpositions under the influence of acid reagents. These 
transpositions are sometimes accompanied by a complete change in the 
ring system, which makes a recognition of the connection between the 
products and the elucidation of their constitution extremely difficult. 

Nomenclature, — The names are mostly derived from botany, and 
associated with the extraction of some of the more important sub- 
stances. Only in a few cases does a systematic nomenclature appear 
possible. Thus, the hitherto unknown demethylated hydrocarbon 
corresponds to the three chief types of these groups, and designated by 
nor-camphane, nor-pinane, and nor-carane, which are used as bases, 
and their carbon atoms are given numbers as follow's : 




yin. 


H— CH, 


CHg— in— <iH, 
216 
Norcamphane 
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CH,— Jh,— CH 
7 CH,^ 
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II. Caranb Group. 

The compounds of this ^oup are ranged with the sabinane group, 
since they also contain a trimethylene ring, which, however, is com- 
bined with a hexamethylene ring. Hydrocarbons of this group, which 
has only been investigated by synthesis, are unknown. 

Carone (formula below), b.p.i^ loo®, is formed from dihydro-carvone 
hydrobromide with alcoholic potash. It is comparatively stable 
towards potassium permanganate, which only attacks it at water- 
bath temperature, and oxidises it to caronic acid, or i, i-dimethyl-2, 3- 
trimethylene-dicarboxylic acid (i). On the other hand, the trimethy- 
lene ring of carone can be split up in three different places : (i) 
Splitting between C* and C, ; on heating to about 210® carone trans- 
poses into carvenone (2) (B. 32 , 1222) ; HBr turns it into dihydro- 
carvone hydro-bromide, and sulphuric acid into oxy-tetrahydro-carvone. 
(2) Splitting between C^ and C, ; the carylamine C10H17NH2, stable in 
the presence of KMnOi, obtained from carone-oxime, m.p. 78®, by 
reduction transposes, in the presence of HCl, into the isomeric un- 
saturated vestrylamine (3), whose chlorohydrate, on heating, yields 
carvestrene (B. 27 , 3486). (3) Splitting between Cj and C, ; the 

cyano-carone CioHi5(CN)0, m.p. 55®, obtained from cyano-dihydro- 
carvone hydro-bromide with alcoholic potash, which can also be 
disintegrated to caronic acid, yields, on heating with alcoholic potash, 
encarvone (C. 1910, I. 924). 

An oxy-carone CioHj^Og. b.p.j^ 135®, has been obtained by starting 
from dihydro-carvone dibromide ; the latter, with soda, yields oxy- 
bromo-tetrahydro-carvone, which, on treatment with methyl-alco- 
holic potash, turns into oxy-carone ; on digesting the latter with 
dilute sulphuric acid it is turned into a ketone derivative of terpin 
(B. 31 , 3208). 

A constitution and transformations similar to those of carone are 
shown by pseudo-phenyl-acetic acid, or nor-caradiene-carboxylic acid, 
obtained from benzol and diazo-acetic ester. 

Eucarvone, b.p,„ 86®, Dap-o 952, = 1*5048 (A. 339 , 94), probably 

belongs to the heptacarbocyclic comj^unds, but is treated here on 
account of its relation to carone. It is formed from carvone hydro- 
bromide with alcoholic potash, evidently with intermediate formation 
of the unstable ajS-unsaturated carone (cp. the transition of cyano-carone 
into eucarvone) . It is optically inactive. On boiling down with methyl- 
alcoholic p)otash, it gives a dee|>-blue unstable coloration. Semi- 
carbazone, m.p. 184® ; oxime, m.p. 106® ; oxamino-oxime, m.p. 142® 
(A. 330 , 275). It unites with benzaldehyde to form benzylidene-eucar- 
vone, m.p. 113®. On oxidation it yields acetic acid and unsym. dimethyl- 
succinic acid. On reduction with Na and alcohol we get, simultaneously, 
dihydro-eucarveol CjoHnOH, b.p.a, 109®, and tetrahydro-eucarveol 
CjoHiaOH, b.p. 220®, which, on oxidation, turn into the corresponding 
ketones. 

Dihydro-eucarvone QoHieO, b.p.^ 87® (B. 28 , 646), and tetra- 
hydro-eucarvone CioHuO, b.p.j, 9i®-q3® (B. 31 , 2071). The latter, 
with chromic acid, gives a ketonic acid from which potassium 

hypobromite forms a )3/J-dimethybpimelinic acid, indicating the exist- 
ence of a chain of seven members. 
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On prolonged heating eucarvone turns into carvacrol,; PCI5 pro- 
duces 2-chloro-cymol. The unsaturated diamine, obtained from the 
oxamino-oxime of eucarvone by reduction, yields i)-cymol by the 
distillation of its phosphate. In this case, we must assume the inter- 
mediate formation of a cyclo-heptatriene derivative, which transposes 
into the more stable benzene derivative. 

Dihydro-eucarvylamine C10H17NH2, b.p.40 117®, from eucarvoxime ; 
its chlorohydrate yields euterpene on heating (A. 305 , 239). Tdra^ 
hydro-eucarvylamine CioHjjNH,, b.p. 210® (A. 339 , 115). 


III. PiNANE Group. 


Hydrocarbons . — Plnene. — Pinene is extremely frequent among the 
ethereal oils and is the chief ingredient of the turpentine oils obtained 
from the different varieties of pine. It also occurs in many other 
ethereal oils — eucal5q)tus, juniper-berry, sage, etc. 

Turpentine Oil. — Turpentine, the resinous juice exuding from 
various Coniferae, consists of a solution of resins in turpentine oil 
which distils with steam, while the resin (colophony) remains behind. 
Turpentine oil is a colourless liquid, boiling at i58°-i6o®, with specific 
gravity of 0'856-o*87. Its peculiar odour is due to the aldehyde- 
like oxidation products (B. 29 , R. 871) produced by the action of 
sunlight. 

It is almost insoluble in water, but is miscible with absolute alcohol 
and ether. It dissolves phosphorus and rubber, and serves for the 
preparation of varnishes and oil-colours. 

The turpentine oils, according to their origin, are distinguished by 
different rotatory powers. 

The American, Algerian, and Greek turpentine oils contain chiefly 
d-pinene, the French and Spanish oils 1 -pinene. Besides these, dextro- 
and laevo-rotatory pinenes are found in various ethereal oils, such as 
eucalyptus oil, hawthorn (?) oil, sage oil, etc. 

In most cases pinene is accompanied by small quantities of a closely 
related terpene of higher boiling-point, which, with HCl, gives the same 
chlorohydrate, but is distinctly different from it in its oxidation pro- 
ducts. This is especially the case in the oils of turpentine, and the 
related body is distinguished as j 3 -pinene from the ordinary or 
a-pinene. 


[d+1] - a - Pinene 


CH=.C(CH8)— CH 
(CH,),C 

CH, ^H— CH, 


b.p. 


155". Dso 0-858. "»= 


1-46553 (21°). 

d-a-Plnene is obtained by fractional distillation of American tur- 
pentine oil, while 1-a-pinene is obtained from French turpentine oil, 
but not chemically pure. For obtaining pure a-pinene it is converted 
into the easily purified nitroso-chloride (j 3 -pinene gives no addition 
product with nitroso-chloride), and is thus liberated with the help of 
aniline, or by boiling with sodium acetate and glacial acetic acid. It 
is thus obtained pure, but always inactive. Artificially, 1 -a-pinene has 
been obtained by heating nopinol-acetic acid, and d-a-pinene by the 



5i6 organic chemistry 

dry distillation of methyl-xanthogenate from pino-campheol (A. 868 » 
I ; C. 1908, 1. 1179). 

Pinene has one double link. It combines with 2CI or 2Br to form 
compounds which on heating disintegrate into hydrogen haloid and 
p-cymol. By the action of moist hydrogen haloids, pinene is con- 
verted into dipentene dihydro-haloids, while with perfectly dry 
hydrogen haloids in the cold, monohalogen hydrates are obtained. 
These, however, like the halogen addition products, no longer contain 
the pinene ring, the hydrogen haloid having produced a complete 
change in the ring system, giving rise to bomeol derivatives. Thus 
the pinenic hydro-haloids are identical with the bornyl haloids. In the 
same way the treatment of pinene with organic acids, such as oxalic 
acid, salicylic acid, trichloracetic acid, etc., produces esters of borneol, 
or of the stereo-isomeric iso-bomeol. This easy transition of pinene 
into borneol, and iso-bomeol, has been industrially utilised for the 
artificial production of camphor from oil of turpentine. The action 
of dilute nitric or sulphuric acid upon pinene produces terpine 
hydrate, while, with sulphuric acid and glacial acetic acid, or benzol- 
sulphonic acid (C. 1909, II. 25), the primary hydration product 
a-terpineol can be isolated. On heating to 250^-270° pinene is con- 
verted into dipentene. 

The oxidation products of pinene have been examined in some 
detail. In air, oil of turpentine gradually absorbs oxygen with the 
formation of peroxides (B. 31, 3046), and resinifies with formation of 
certain quantities of formic acid, acetic acid, and cymol. On the 
formation of pinol hydrate from pinene in air and sunlight, see below. 
Strong oxidising agents, such as nitric acid, produce terebinic acid, 
l>-toluic acid, terephthalic acid, etc. Chromic acid mixture produces 
terpenylic acid as a main product. 

Oxidation with mercuric acetate produces a racemic sobrerol, which 
is further oxidised to oxy-dihydro-carvone or carvone hydrate. From 
the latter, on heating with oxalic acid, water is eliminated, with forma- 
tion of carvone and carvacrol, and, on further oxidation with potassium 
permanganate, terpenylic acid (C. 1909, I. 1561). 

By careful oxidation of pinene with potassium permanganate, we 
first obtain a-pinene-glycol CioHi,(OH);ji, b.p .14 146® (B. 27, 2270), and 
then a keto-monocarboxylic acid called pinonic acid CjoHieOj, m.p. 
70® (active) and m.p. 104® (inactive), b.p.^g 187® (C. 1909, II. 2158). 
There are also small quantities of a ketone-dicarboxylic acid, plnoyl- 
formic acid C10H14O5, m.p. 79®. The pinene ozonide, obtained by the 
action of ozone upon pinene, also yields pinonic acid in the decom- 
position with water (B. 40, 138). 

On oxidising the very imstable pinonic acid with bromine, or 
alkali, or with dilute nitrous acid, we obtain the stable pinlc acid 
C9H14O4, m.p. 102®, and from this, through a-bromo- and a-oxy-pinic 
acid, and oxidation of the latter, we obtain nor-pinic acid C4Hj204, 
m.p. 174®. The two latter very stable acids probably contain a tetra- 
methylene ring. 

Baeyer, therefore, in agreement with Wagner, assumes for pinonic 
acid and pinene the presence of a 4-member so-called piceane ring 
(B. 20, 2776). The course of the oxidation is illustrated in the following 
scheme : 
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Pinic acid Nor-pinic acid. 


The decomposition of pinonic acid and pinoyl-formic acid has also 
been accomplished in other ways. 

(i) By means of chromic acid, keto-iso-camphoric acid has been 
obtained from pinonic acid, and also by oxidation of campholinic acid. 
The keto-iso-camphoric acid can be disintegrated into iso-camphoronic 
acid C02HC(CH3)2CH(CH2C02H)2 (synthesis, C. 1901, I. 221), and 
further to dimethyl-tricarballylic acid COOHC(CH3)2CH(COOH)CH2 
COOH. The constitution of the latter acid is proved by the splitting 
up of the corresponding oxy-acid (B. 30, 1959) on fusing with potash in 
dimethyl-succinic acid and oxalic acid. The peculiar formation of 
keto-iso-camphoric acid from pinonic acid can, according to modem 
ideas (cp. B. 32, 2080), be interpreted in a sense that the 4-member 
piceane ring of pinonic acid takes up water and is converted into the 
5-member camphoceane ring : 


CH,.CHCH,CO,H 
CH,COCH.C(CH,), 
Pinonic acid 


CHCH,C0,H . 

a*Dioxy>dibydro>campholenic acid 


rn h/CH, — CHCH,CO,H 
* CH,CO.C(CH,), 
KetO'iso'Campbonc acid. 


(2) On heating with acids, pinonic acid undergoes an intermediate 
hydrolytic splitting, and then a transposition into homo-terpenylic- 

methyl-ketone [metho-ethyl^heptanonoHde] (^^sltC CH.C^ SSPi-tt » which 

CH,.CH,.C0.CH3 

we have learnt to regard as a disintegration product of terpineol. 
Similarly, pinoyl-formi c acid is transposed into homo-terpinoyl-formic 

acid ^CO^COOH* transposition products on further 

oxidation yield : 


Terpenylio add 


Terebinio add 


(CHa),(!:.CH.CH,.Co6 

Ch,cooh 

(CH8),(l:.CH.CH,.Coi) 

COOH 


Terebinic acid C7H10O4, melting at 175®, was first obtained by 
oxidising turpentine oil with nitric acid ; it is also produced in the 
oxidation of terpenylic acid with potassium permanganate, or of iso- 
propyl-succinic acid with chromic acid. Synthetically, it is prepared by 
the condensation of acetone and bromo-succinic ester with zinc-copper, 
or by the action of CHjMgl upon aceto-succinic ester (C. 1907, 1. 1202). 
See also Teraconic acid (B. 29 , 933 ; C. 1898, I. 558 ; 1899, 1. 1158) 
It behaves analogously to the paraconic acids. When heated it loses 
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carbon dioxide and becomes pyro-terebinle acid (CH,) jC : CHCHjCOOH, 
together with iso-oapro-laetonc and teraeonle sold (CH,),C : C(COOH) 
CHj.COOH, from which it can be re-formed by digestion with mineral 
acids. Baryta water converts terebinic acid into the crystallising 
barium salt of diaterebinic acid or oxy -iso-propyl-succinic acid. 

By oxidation with HNOj, terebinic acid is turned into dicarboxy- 

valero-laetonlc acid C00H.(!{CH3)CH(C00H)CHjC06 (B. 82 , 3662). 
See the formation of terebinic acid from caronic acid. 

Terpenylie acid CgHi204 melts at 90® when anhydrous. It is 
obtained by oxidising turpentine oil with a chromic acid mixture, and 
homo-terpenj^hc acid with nitric acid (B. 29 , 2789). 

Synthetically it has been obtained by the action of CHgMgl upon 
fl-acetyl-glutaric ester (C. 1907, I. 1202). 

Upon distillation it yields teraerylle acid (CH8)2C : CH(CH3)CH2. 
COOH. Terpenylic acid, by reduction, becomes ^-iso-propyl-glutanc 
acid (see B. 920, 2621). 

Homo-teipenylic acid C2H14O4, melting at 102®, results when homo- 
terpenyl-formic acid is oxidised with nitric acid or with lead oxide 
(B. 29 , 1916). It is synthesised by means of CHgMgl and j 3 -acetyl- 
adipinic ester (C. 1907, I. 1202). 

The oxidation of pinene to pinonic acid and the hydrolytic re- 
arrangement of the latter to homo-terpenylic methyl-ketone is certainly 
to be regarded as the reverse of the processes which take place in the 
hydrolytic rearrangement of pinene into terpin hydrate, terpineol, and 
the oxidising decomposition of the latter into homo-terpenylic methyl- 
ketone (above). 

d-Pinene hydrochloride, smelling of camphor, and therefore formerly 
called artificial camphor^ CioHj^Cl, melting at 125® and boiling at 208®, 
is formed on conducting dry hydrochloric acid gas into well-cooled 
pinene. It is a white crystalline mass, with an odour like that of 
camphor. The hydrochloride from d-pinene is optically inactive, while 
the 1 -pinene hydrochloride is laevo-rotatory, [0]^= —30®. Pinene 
hydrobromide melts at 40® (A. 227 , 282). 

Pinene hydro-iodide CjoHj^I, b.p.jj 119®. The pinene hydro- 
haloids are identical with the bornyl hioids. This follows from the 
fact that the Mg compound CjoHj^MgCl, obtained by the action of 
Mg upon pinene chlorohydrate in ether solution, turns into camphane 
by decomposition with water, and into borneol by the action of 
oxygen (B. 89 , 1127). During the action of the halogen hydrides upon 
pinene there is, therefore, a “ sliding ” of the dimethyl-methylene 
bridge, from the m-position into the p-position. By a quite analogous 
displacement of the methylene group of the piceane ring, we obtain 
the derivatives of fenchyl alcohol. This explains the secondary 
formation of fenchyl chloride in the action of HCl upon pinene. The 
elimination of HCl from pinene chlorohydrate, which is attended by 
much difficulty, produces camphene. This transition also is the result 
of a far-reaching transposition. Hypochlorous acid attaches itself to 
pinene with dissolution of the double linking, and of the four-membered 
piceane ring. The action of alkalies upon the resulting dichloro- 
hydrins C^oHigOjCl, has been made to produce pinol oxide, sobrery- 
thrite, pinol-chlorohydrin, and other bodies (B. 82 , 2064). 
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Plnene dlbromide CjoHieBrj, m.p. 170®, by the action of bromine 
upon pinene, in carbon tetrachloride (A. 264, i). Like pinene chloro- 
hydrate, it probably also belongs to the camphor type, being reduced 
to camphane by Na and alcohol (B. 88, 3423). On treatment with 
zinc dust it yields a terpene, isomeric with pinene and camphene, 
m.p. 67®, b.p. 153®, containing apparently no double link, a so-called 
tricyclene. 

Pinene nitroso-chloride, melting at 115®, is obtained by means of 
nitrosyl chloride, or amyl nitrite, glacial acetic acid, and hydrochloric 
acid. Hydrogen chloride in ether, when allowed to stand in contact 
with it, produces, just like limonene nitroso-chloride, hydrochloro- 
carvoxime (B. 29, 12). With KCN it turns into nitroso-cyanide, m.p. 
171® (C. 1902, II. 363). Pinene nitroso-bromide, m.p. 92®. While 
aromatic bases, like aniline and methyl-aniline, reject NOCl, and re- 
generate pinene, it turns into nitrolamines with ahphatic bases : 
pinene-nitrolamine, m.p. 137® (C. 1907, I. 1040) ; pinene-nitrol- 
piperidide, m.p. 119®. By the action of sodium alcoholate, it splits 
off HCl and forms nitroso-pinene C10H14 : NOH, m.p. 131®, which is 
regarded as the oxime of an unsaturated ketone, carvo-pinone, into 
which it turns, on heating with aqueous oxalic acid. By reduction 
with zinc dust and glacial acetic acid, it forms pinylamine C,oH,,NH, ; 
a ketone isomeric with camphor, pino-camphone, is also formed. 

^-Pinene, nopinene (formula below), b.p. i62°-i63®, Dgg o*866, 
nD=i-4724, is found in small quantities beside a-pinene in turpentine 
oils, especially American, in a laevo-rotatory form. It has also been 
traced in lemon oil, coriander oil, hyssop oil, and the oil of Siberian 
pine needles (C. 1909, II. 2158). It has been synthesised from nopinol- 
acetic acid by heating with acetic anhydride (A. 863, 9). It unites 
with HCl to form a mixture of bornyl chloride and dipentene dichloro- 
hydrate ; with nitrosyl chloride it does not, like a-pinene, form an 
addition product. But it unites with nitrous acid to a very unstable 
pseudo-nitrosite, which, on treatment with ammonia, or by distilla- 
tion with steam (A. 346, 243), turns into nitro-terebentene, nitro-jS- 
pinene C10H15NO2, with rejection of hyponitrous acid. The latter, on 
reduction with Sn and HCl, yields amido-terebentene b.p 

•12 

95®, from which, with nitrous acid, an alcohol is obtained, which, on 
oxidation with chromic acid, turns into tetrahydro-cumin-aldehyde, or 
cuminic acid (A. 846, 246; cp. Phellandrene). 

On oxidation with KMn04, we obtain from the jS-pinene-glycol 
CioHie(OH)2, m.p. 76®, which is first formed, nopinic acid ^10^ 16^13 • 
m.p. 126®, an a-oxy-acid characterised by its sparingly soluble sodium 
salt, and a ketone, nopinone C2H14O (A. 356, 227 ; 368, 9). 
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Alcohols. — Univalent A Icohols. — Pino - earveol C,oH„OH, b.p. 
215 -218 , probably contained m the oil of Eucalyptus globulus 
(A. 846 , 277). It is made artificially by the action of nitrous acid upon 
pinylamine (A. 346 , 221). On oxidation with chromic acid it yields 
pino-carvone, and on heating with potassium bisulphate, or dilute 
sulphuric acid, p-c\Tnol. 

CH-C(CH,OH).CH 

Myrtenol (CH,),c'^ j , b.p. 223®, D» 0 9763, [a]D+45® 45', 
CH, CH-CH, 

in the form of its acetate, the chief constituent of myrtle oil. The 
myrtenyl chloride CioIligCl, formed by the action of PCI5, yields, on 
reduction with Na and alcohol, d-a-pinene. On oxidation with 
chromic acid the corresponding aldehyde is obtained, myrtenal 
b p-io ^7^-90®. By means of KMnOi myrtenol can be re- 
duced to d-pinic acid (B. 40 , 1363). 

Methyl-nopinol, ptnene hydrate , m.p. 59°, b.p. 205°, 

smells of camphor, and is obtained from nopinone and CHjMgl. By 
the action of dilute sulphuric acid, it passes into optically active 
a-terpineol (A. 360 , 88) and terpin hydrate. With glacial acetic acid 
and HCl, it turns into dipen tene-dihalogenide. With PCI5 it gives a 
chloride, b.p.jg 97°~I05®, which must be regarded as the true chloro- 
hydrate of pinene (A. 356 , 239). Ethyl- and propyl-nopinol, see A. 
360 , 91. 

Pino-campheol CjoHj^OH, b.p. 218®, by reduction of pino-camphone. 
Its methyl-xanthogenate, m.p. 61®, yields, on heating, a-pinene (C. 
1908, I. 1179). 

Polyvalent Alcohols . — These no longer contain the carbon skeleton 
of pinene. 

Pinol hydrate, sohrerol C,oH„(OH)., is known in three modifications. 
d-PinoI hydrate, melting at 150®, [a]D= + 150°, and 1 -pinol hydrate, 
molting at 150®, [d]^ = — 150®, are produced when dextro- and laevo- 
turpentine oil are oxidised in the air on exposure to sunlight, [d-fl]- 
Pinol hydrate results on treating pinol with hydrobromic acid and 
alkali, as well as upon mixing equimolecular quantities of d- and 1-pinol 
hydrates. Pinol hydrate is an unsaturated compound. Bromine 
converts it into a dibromide, melting at 131®. Potassium perman- 
ganate changes it to a tetra-acid alcohol, sobrerythrite C,oHae(OH)„ 
melting at 156® (B. 29 , 1195, R. 587). 

An isomeric sobrerythrite, m.p. 194®, is obtained from the result 
of the action of ClOH upon pinene (B. 32 , 2069). 

Pinol, [d-fl]-sobrerone CioH^O, boiling at 183®, with sp. gr. 0 953 
(20®), nD=i*46949, is optically inactive. It is formed when the three 
pinol hydrates are treated with dilute sulphuric acid, and from the 
dibromide of terpineol by the splitting off of 2HBr. It is as indifferent 
as cineol towards hydroxylamine, phenyl-hydrazin, and acid chlorides. 
This, as well as its formation from terpineol dibromide, is represented 


in the following formula : 
CH,.CBr^CJJ^U«^CH.C(OH)(CH,). 


J 


Terpineol dibromide 


Pinol. 
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Pinol hydrate is a hydrate corresponding to this oxide, an oxy- 
terpineol, which results from pinene by the rupture of the pinene 
ring. 

Pinol dibromide CioHieBrgO, melting at 94° and boiling at 143® 
(ii mm.), is converted by sodium or alcoholic potash into pinol. 

With HBr it gives pinol tribromide CioHi^BrgO. The latter splits 
off HBr, and forms an isomeric iso-pinol dibromide which, with 
potash, easily forms i-carvone and, on reduction, a new ketone, 
pinolone (A. 306, 267 ). 

Formic acid reduces it to cymene (A. 268 , 225). Pinol nitroso- 
chloride CioHigO.NOCl, melting at 103®, forms nitrolamines with bases. 
Pinol-glycol CioHieO(OH)2, melting at 125®, is obtained from pinol 
dibromide with silver oxide or lead hydroxide, or from its diacetate, 
melting at 97® (A. 268 , 223). It is also formed from pinol oxide 
CioHjeOg, b.p. 207®, with dilute acids. The latter is obtained from 
the pinene-dichloro-hydrins with alkalies, and should be regarded as 
the dianhydride of sobrerythrite. A stereo-isomeric pinol-glycol is 
formed by the oxidation of pinol with KMn04 (B. 28 , 2710 ; C. 1898, 
II. 543). 

Pinol-chloro-hydrins CjoHigOCl (OH), m.p. 131°, are also obtained 
from the pinene-dichloro-hydrins, the dextro-form resulting from 
1 -pinene and the laevo-form from d-pinene (B. 32 , 2070). 

Bases. — Pinylamine CjoHjsNHg, b.p. 207°, D 0*943, by reduction 
of nitroso-pinene (A. 268 , 197). By the action of nitrous acid it 
turns into pino-carveol. Amido-terebentene (see above). 

Dihydro-pinylamine, pino-camphylamine CJ0H17NH2, b.p. 199®, 
by reduction of nitroso-pinene with Na and amyl alcohol (C. 1907, 
1. 252). 


Ketones. — Carvo - pinone 


CO— C(CH8)=C 

I / I 

! (CH3),C'^ I 

1 ' I 


(?), b.p., 2 95^^ (A. 846 , 


CHj CH— CH, 

231), is formed by heating nitroso-pinene, which may be regarded 
as carvo-pinone-oxime, with aqueous oxalic acid. Hydroxylamine 
regenerates nitroso-pinenes. Acids easily isomerise it to carvone. It 
is isomeric with — 

Pino-carvone CjoHjeO, b.p.^j 95°, the oxidation product of pino- 
carveol. KMn04 decomposes it to form pinic acid (A. 346 , 222). 


Pino-camphone 


CO— CH(CH3)— CH 

j (CH,),c/ 


b p-12 87°, D 0*959, is formed 


CH, CH— CH, 

beside pinylamine in the reduction of nitroso-pinene with zinc and 
glacial acetic acid. 1 -Pino-camphone has been found in the oil of 
Hyssopus officinalis (C. 1909, II. 2158). By oxidation with KMnOi 
it forms pinonic acid and a dicarboxylic acid isomeric with camphoric 
acid, CioHie04, m.p. 186® (A. 346 , 235). 

Nopinone (constitution, see above), b.p. 209®, Dgo 0*981, an oxidation 
product of j8-pinene. On heating with dilute H2SO4, it is isomerised 
into AMso-propyl-cyclo-hexenone (A. 866, 227). The nopinol-acetie 
acid C9Hi 4(OH)CH2COOH, m.p. 84®, obtained by condensation with 
bromo-acctic ester and zinc (A. Bi&f 7), forms the fundamental 
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material for the partial synthesis of a- and j 3 -pinene as well as 
fenchene (g.v.). 

rv. Camphane Group. 

ch.-ch-c<^5 

I. Hydrocarbons. — Camphene in, (?), m.p. 48 ‘’- 52 *. 

CH,— (Ih,— C=CH, 

b.p. i59®~i6i®, D54 0*842, nD=i*455i4 {54°), is the only known natural 
solid terpene. It is known in a d-, 1 -, and an optically inactive modi- 
fication ; these are similar in chemical deportment. Camphene has 
been found, by converting it into iso-bomeol, in the oil from Andro- 
pogon nardus, and in camphor oil (B. 27 , R. 163). It is obtained (i) 
from borneol by the action of potassium bisulphate at 200° ; (2) by the 
action of ZnClj or dilute sulphuric acid upon iso-borneol ; (3) when 
sodium acetate and glacial acetic acid at 200® act upon pinene hydro- 
chloride ; and (4) on digesting bomyl chloride with aniline, pyridin, 
alkaline phenolates, etc. The so-called camphene hydrate, and 
S5mthetic methyl-camphenilol, turn into camphene with special ease, 
eliminating water. 

Camphene only contains one double linking. Camphene and bromine 
in ether produce : 

Camphene dibromlde CjoHieBrj, melting at 89°, together with 
liquid bromo-camphene CjoHi^Br (B. 29 , 544, 697, 900). 

Camphene hydrochloride C^oH^Cl, melting at i49®-i5i®, is produced 
when HCl is conducted into an alcoholic camphene solution. It is 
identical with the iso-bornyl chloride obtained from iso-bomeol, and 
probably stereo-isomeric with pinene chlorohydrate, since both 
chlorides turn into the same camphene, on reduction with Na and 
alcohol, or by decomposition of their Mg compound with water. From 
pinene chlorohydrate, camphene chlorohydrate is specially dis- 
tinguished by the greater ease with which it passes into camphene, 
under the influence of dehydrating agents. Camphene, treated with 
glacial acetic acid and concentrated sulphuric acid, yields iso-bomeol 
acetate. The action of fuming nitric acid upon a chloroform solution 
of camphene leads to an additive product C,oH„(HNO,). b.p 

•10 

110°, which regenerates camphene with alcoholic potash (C. 1900, 
II. 261). 

Camphenlle nitrite, nitro-camphene CgHi4>C ; CHNO„ m.p. 66°. 
b.p.,, 147°, is found among the oxidation products of camphene 
volatilising in steam under the action of dilute nitric acid. It is also 
produced by the action of nitrous acid upon camphene (B. 82 , 1498), 
probably by splitting off hypo-nitrous acid from the very unstable 
pseudo-nitrosite formed at first. This, on reduction, yields cam- 
phenilane-aldehyde^ and, by oxidation with KMnO, or the action 
of alcoholic potash, camphenilone ; while, with concentrated HjSO,, 
it yields the completely saturated trieyclene-carboxylic Mid CjoHxgO,, 
m.p. 148°, which is indifferent to KMnO, (B. 41 , 2747; Ch. Ztg. 
84 , 65 ). 

On oxidising camphene with KMnO, (A. 840 , 17), eamphene-glyool 
C,,Hu(OH)„ m.p. 200°, is first formed, m.p. 200° ; and this, treated 
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with dilute H2SO4, splits off water and turns into eamphenDane-alde- 
hyde CjoHjeO, melting at 70® and boiling at 96® (14 mm.). The 
oxidation of this aldehyde gives rise to two isomeric camphenilanie 
acids C10H14O2, melting at 65® and 118®, which can be changed 
through the corresponding a-htomo-acid into oxy camphenilanie acid, 
camphenilol acid, CjoHieO,, melting at 171®. This latter acid is 
also formed when camphene is oxidised with potassium perman- 
ganate. Its further oxidation causes the elimination of carbon dioxide 
and the formation of a ketone, eamphenilone C10H14O, melting at 
43® and boiling at 81® (12 mm.). This is the lower ring-homologue 
of camphor ; it resembles the latter in odour and in chemical 
behaviour. By the oxidation of sodium amide, eamphenilone is 
broken up to the amide of 2-iso-propyl-cyclo-pentane-carboxylic 
acid (B. 89 , 2580), which has been disintegrated into 2-iso-propyl- 
cyclo-pentanone (C. 1908, I. 1271), and has, on the other hand, 
been obtained synthetically from jS-iso-propyl-adipinic acid (C. 1909, 
I- 443 ). 

The ozonide produced on treating camphene with ozone, on de- 
composition with water, or glacial acetic acid, yields eamphenilone and 
the lactone of S-oxy-camphenilonic acid (B. 43 , 1432) with splitting of 
the camphene ring. This has also been obtained synthetically by 
the action of methyl-magnesium iodide upon the anhydride of cyclo- 
pentane-i, 3-dicarboxylic acid (B. 42 , 898). These various trans- 
formations are easily understood on the basis of G. Wagner's camphene 
formula : 
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<5-Oxy-camphenilone Camphenilane- 
acid lactone aldehyde 


Camphenilanie acid Iso-propyl-cyclo- 
pentane-carboxyhc 
acid. 


On oxidising the artificial and natural camphenes vnth KMn04 
(but not with ozone) we obtain, besides the compound already men- 
tioned, considerable quantities of a dicarboxylic acid, isomeric with 
camphene-camphoric acid C10H14O4, m.p. 136® (inactive), 144® (active) 
(A. 875 , 336). Its genesis from the above camphene formula can 
hardly be imagined to take place without the supposition of considerable 
atomic displacement. It jdelds no anhydride, and no cyclic-ketone, 
in the distillation of its calcium salt. Its constitution, and its connec- 
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tion with the oxidation products of camphene, are not yet clear (A. 875 , 
336). It is possible that it owes its origin to a hydrocarbon isomeric 
vdih the above camphene, which would indicate that camphene is a 
mixture of two isomeric terpenes (see also Tricyclene, below). But 
this can hardly be made to agree with the almost quantitative 
conversion of camphene into iso-borneol (see also A. 882 , 265 ; 
388 , I). 

A primary transposition is, no doubt, the cause of the production 
of the tribasic earboxyl-apo-eamphorle acid, camphoic acid C^Hn 
(C00H)3, na p- 196°. in the oxidation of campnene with dilute 
nitric acid. With chromyl chloride in CSg solution, camphene jdelds 
an additive compound, CioHi3.2Cr02Cl2, which is decomposed by 
water with formation of a camphenilane-aldehyde. In the animd 
body camphene is oxidised to camphenilane-aldehyde (C. 1903, 
1 . 594). Oxidation with chromic acid converts camphene into 
camphor. 

The above camphene formula therefore indicates that the pre- 
paration of camphene from the chlorohydrate of pinene or camphene, 
or from bomeol and iso-borneol, is accompanied by a peculiar atomic 
displacement, which is reversed by the attachment of halogen hydride 
and other acids. This transposition involves the conversion of a 
five-membered ring into a six-membered ring, as shown in the following 
diagram : 
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It is closely related to the atomic displacement occurring in the con- 
version of pinacolin alcohol or its chloride into tetramethyl-ethylene 
(Vol. I.). 

Under special conditions it is possible to avoid the atomic dis- 
placement occurring during the elimination of water from bomeol, 
or the elimination of halogen hydride from bornyl haloids, and 
thus to attain the hydrocarbon forming the foundation of these 
compounds : 

CH 


Bomylene 


CHaCCHa 


CH,- 


I 

-C 
CHa 


m.p. 113®, b.p. 146®, [a]o — 21-69®. It is 


-CH 


remarkable on account of its great volatility. It is formed from 
bomyl iodide with concentrated alcoholic potash (C. 1910, I. 2089), or 
by the dry distillation of bornyl-xanthogenic methyl ester (C. 1905, I. 
94), besides camphene, which can be separated by conversion into 
iso-bornyl acetate. It is obtained in a pure state from bomylene- 
carboxylic acid, by elimination of CO,. Bomylene is oxidis^ by 
KMn04 to camphoric add. 
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Oamphane, i, 7, 7 - trimethyl - nor - camphane, dihydro - bornylene 
CHa— CH— CH, 

, m.p. 153°, b.p. 159®, sublimes easily. It is formed by 

CH. 

CH3 

the reduction of camphene and pinene hydrochloride or hydro-iodide 
with sodium and alcohol, or by the decomposition of their magnesium 
compounds with water, besides small quantities of hydro-dicamphene 
(CioHi 7)2» m-P- 85®. As indicated by its symmetrical structure, it is 
^ways inactive, whether we start with active or inactive material 
(B. 39 , 1127). On heating with dilute nitric acid, it gives nitro- 
camphane, m.p. i25®~i29®. 

Iso - camphane, 5,5, h-trimethyl- nor -camphane, dihydro -camphene 
CjoHig, m.p. 63®, is formed by the reduction of camphene with 
molecular hydrogen in the presence of platinum black (A. 382 , 
265), and by heating iso-borneol with zinc dust to 220® (B. 33 , 
774), in the latter case, no doubt, with intermediate formation of 
camphene. 

Tricyclene CjoHie, m.p. 68®, b.p. 153®, is completely saturated. It 
is contained in small quantities (about 0*4 per cent.) in crude camphene, 
and remains unchanged during its oxidation with KMn04 (A. 340 , 17). 
It is probably identical with the tricyclic hydrocarbon obtained by 
reduction with zinc dust and alcohol. 

Fenchene CjoHie has not hitherto been traced with certainty in 
nature. It is formed from the fenchyl chlorides by heating with 
aniline, quinolin, or alcoholic potash, from iso-fenchyl alcohol by 
heating with zinc chloride, or by the action of nitrous acid upon 
fenchylamine. According to the nature of the foundation material, 
we can obtain dextro- or laevo-rotatory or inactive fenchenes, with 
boiling-points ranging from 154® to 158®, D about 0*87, and nD= 1-4724. 
Synthetically, a fenchene, either dextro- or laevo-rotatory according to 
the conditions, has been obtained from nopinol-acetic ester by splitting 
off water, and by the distillation of the resulting unsaturated acid 
(A. 363 , i). Fenchene combines with bromine to form a crystalline 
dibromide, m.p. 62° (inactive), 88® (active). With halogen hydride it 
forms liquid monohalogen hydrates, apparently identical with fenchyl 
haloids. In the oxidation with permanganate, fenchene behaves very 
much like camphene. An hydroxyfenchenic acid CjoHieO,, is pro- 
duced first, and D- 1 - and L-d-fenchene* yield the two optical antipodes 
of this acid, m.p. 153°, [a]D=db63®, while the less stable D-d-fenchene 
yields a feebly dextro-rotatory oxy-fenchenic acid, m.p. 138®. By 
oxidation of these acids we obtain ketones C3Hi40, fencho-camphorones, 
m.p. no® and 63®, lower homologues of camphor closely resembling it 
and yielding on further oxidation apo-camphoric acid, which is ^o 
easily obtained from fenchine with nitric acid (A. 802 , 371 ; 816 , 273 ; 
C. 1898, 1 . 575 ; 1899, II. 1052). 

The gradual disintegration of fenchene is represented by the following 
series of formulae : 

♦ The capital letters D- and L- indicate the optical rotation of the d- or l- 
fenchonea used in the preparation. 
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D-l^Fenchene Oxy-fenchenic acid Pencho-camphorone Apocamphoric 

acid. 


Since the formula of fenchone may be taken as clearly established, 
we must assume an atomic displacement in its conversion into fenchene 
corresponding to what happens in the conversion of camphor into 
camphene. 

Tetrahydro - fenchene CjoH jo. b.p. i6o® - 165®, D22 = 07945, 
nD= 1*4370, from fenchone and fenchyl alcohol by heating with HI. 

Dil^dro-fencholene C,H„. see Fencholenic acid. 

In connection vnth camphene and fenchene, we may mention a 
hydrocarbon which, from its composition, C9HJ4, may be regarded as a 
lower homologue of terpene. It is found in Indian sandal-wood, in 
Siberian pine-needle oil, and other pine-needle oils (B. 40 , 4918), and 


, b.p. 140®, D,o 0-863, 


CH,— CH— C.CH3 

has been termed santene C,Hi4= j 

CH .-i H— C.CHa 

nD= 1*46658. It is optically inactive. The nitroso-chloride crystallises 
in blue needles to m.p. 109®, which, after a short time, become colourless. 
Nitrosite, m.p. 125®. Monochlorohydrate, m.p. 80°. Tribromide 
CgHjaBrj, m.p. 63®. During the oxidation with KMn04 we obtain, 
with intermediate formation of santene-glycol C9Hi4(OH)2, m.p. 197®, 
a diketone C5H8(COCH3)2, b.p.® I24®-I27®, which, on treating with 
alkaline bromine solution, turns into trans-cyclo-pentane- 1, 3-di- 
carboxylic acid (B. 41 , 385). 

A hydrocarbon, probably identical with santene, is formed by boil- 
ing the teresantaric acid CipH,402, m.p. 157®, also occurring in sandal- 
wood, with dilute sulphuric acid. By heating with formic acid, the 
teresantaric acid turns into an alcohol, the so-called 7r-nor-borneol, 
santenol, m.p. 98®, b.p.^ 88®, which is also obtained from santene by 
hydration with formic acid or glacial acetic acid and sulphuric acid, 
and whose chloride, m.p. 60®, b.p.jQ 73®, on treatment with alcoholic 
potash, reverts into santene (B 40 , 4465 ; 41 , 125). 

2. Alcohob.— A. Monacid Alcohols.— 'Aox wo camphor, bomeol, 

CHsicH, 


camphol 


I CHsC.CH,j 
CH,— <!: CHOH 


, melting at 203® and boiling at 212®, occurs 


CI^ 

in three modifications in nature. d-Bomeol is found in Dryohalanops 
camphora, a tree growing in Borneo and Sumatra, also in rosemary oil. 
UBorneol and inactive borneol are present in the so-called baldrianic 
camphor. Many wood-spines contain it in the form of a fatty acid 
ester, more e^)ecially the acetic ester. 

Bomeol is very similar to Japan camphor, but has an odour 
at the same time resembling that of pepper. It sublimes very 
readily. 

Artificially, it is formed, besides iso-bomeol, by the reduction of 
camphor with sodium and alcohol (A. 230 , 225), and by the action of 
oxygen upon the magnesium compound of pinene chlorohydrate, which 



CAMPHANE GROUP 


527 

must therefore be regarded as bomyl chloride (B. 89 , 1127). In the 
form of its ester, bomeol is obtained by heating pinene with organic acids 
such as oxalic, benzoic, salicylic, chloro- and nitro-benaioic acids, etc. 
(C. 1906, 11 . 1589 ; 1909, 1 . 1025). On oxidation, it turns into camphor 
without change in the direction of optical rotation. On heating with 
potassium bisulphate or zinc chloride it splits up, though with some 
difficulty, into water and camphene. 

Methyl ether, b.p. 194®. Ethyl ether, b.p. 204® (B. 24 , 3713). Acetyl 
ester, m.p. 29°, rhombic hemihedral, b.p.jo 98®, nD= 1*46635, [a]D= 
+38° 20', also found in oil from Siberian fir (C. 1903, 1 . 515). 

The bornyl haloids are identical with the so-called pinene hydro- 
haloids. Bornyl iodide, on treating with alcoholic potash, yields horny- 
lene. Bornyl-iso-valerlanate, b.p. 255®“26o®, occurs in baldrian oil, and 
is used in pharmacy under the name " bornyval,** Bornyl salicylate 
('* salite '*) is used as an anti-neuralgic. 

d- and 1 -Bornyl-xanthogenic methyl esters CjoHieOCS.SCHj yield 
d- and 1-bornylene on distillation at ordinary pressures. 

Iso-borneol C10H17OH, m.p. 212®, is probably the stereo-isomeric 
alcohol corresponding to borneol. It is more volatile than borneol, 
and is formed together with the latter in the reduction of camphor, 
into which it passes by oxidation with KMn04, ozone, etc., with reversal 
of its optical rotation (B. 89 , 1131). By the action of sodium in xylol 
or benzine solution, iso-borneol is transformed into borneol (C. 1909, II. 
25). Iso-bornyl acetate, b.p.^g 107®, is formed by heating camphene 
with glacial acetic acid and 50 per cent. H2SO4 to 5o°-6o® (German 
patent 67,255 ; B. 27 , R. 102), or by transformation of pinene chloro- 
hydrate with Zn acetate and glacial acetic acid, in which case the zinc 
chloride acts catalytically (C. 1907, II. 434). Both reactions are of 
industrial importance as regards the artificid production of camphor 
from pinene. Both bomeol and iso-borneol are formed by the action 
of oxygen upon magnesium-camphene chlorohydrate (B. 89 , 1135). 
With dehydrating agents it passes into camphene much more easily 
than borneol. 

Camphene hydrate CjoHitOH, m.p. 150®, b.p. 205®, is formed on 
digesting camphene chlorohydrate with milk of lime. It smells both 
of fungus and menthol, and passes easily into camphene, on shaking 
up with dilute mineral acids, and sometimes on mere distillation 
(B. 41 , 1092 ; A. 383 , i). 

Hethyl-camphenilol C10H17OH, m.p. 118®, b.p. 205®, has been ob- 
tained by the action of CHgMgl upon camphenilone. On heating with 
glacial acetic acid and H2SO4 it splits off water and easily passes into 
camphene (A. 340 , 58). 

^mphol alcohol CioHi^OH, m.p. 60®, b.p. 213®, is formed by the 
reduction of campholic ester with sodium and alcohol (C. 1904, II. 303). 
It differs from the tertiary alcohol of the same name, b.p. 203®, pro- 
duced by the action of silver nitrite upon campholamine chlorohydrate 
(B. 27 , R. 126). This indicates that, in this case, a change in the ring 
system has taken place (cp. A. 379 , 202). 

Campbel alcohol melting at 25° and boiling at 179°, re- 

sults from the interaction of camphelamine hydrochloride and silver 
nitrite. It is a tertiary alcohol. It readily decomposes into water and 
the hydrocarbon (B. 27 , R. 126). 
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Camphenllol C9H15OH, m.p. 84®, by reduction of camphenilone 
with sodium and alcohol (A. 366 , 72). 

Fenohyl aleohol C10H17.OH, melting at 45® and boiling at 201®, with 
specific gravity 0*933, is produced in two modifications : by the re- 
duction of d- and 1-fenchone. It has a penetrating and very disagree- 
able odour. L-d-fenchyl alcohol, [a]D= + io® 36', is obtained from 
1-fenchone and 1-fenchyl alcohol, [a]i>=— 10® 35', from d-fenchone 
(A. 284 , 331). 

i-Fenchyl alcohol has been found in the yellow pine oil of Pinus 
paliistris. It is also formed, besides other alcohols, in the hydration of 
jS-pinene (C. 1909, 11 . 25). On oxidation it yields fenchone besides 
oxy-dihydro-fencholenic acid (B. 42 , 2698), and, on splitting off water, 
fenchene. 

Fenchyl chlorides C10H17CI, b.p.14 84®-86®, are formed from fenchyl 
alcohol with PCI5 or HCl, and from fenchene with chlorine hydride. 
Fenchyl chlorides, of various origins, show different optical rotatory 
powers, and are probably mixtures of isomeric (secondary and tertiary ?) 
chlorides. 1 -FenchyI bromide CjoHj^Br, b.p.14 9o®-“ioo® (/. pr. Ch. 2, 
62 , i). D-l-Fenchyl acetate, b.p.io 88®. 

Iso-fenchyl alcohol, m.p. 62®, b.p.13 98°. Like iso-borneol, its 
acetate is formed from fenchene with acetic-sulphuric acid, ^^ile 
fenchyl alcohol jdelds fenchone upon oxidation, iso-fenchyl alcohol pro- 
duces an isomeric ketone, iso-fenchone. 

Iso-fencholene alcohol C10H17OH, b.p. 218®, with specific gravity 
0*927 (20®), nD= 1*476, is produced when alcohol and sodium act upon 
fencholene amide (A. 284 , 337), It is readily attacked by potassium 
permanganate. Wien heated with dilute sulphuric acid it changes 
to fenchenol CjoHigO, b.p. 183®, vdth specific ^avity 0*925 (20®), 
nD= 1*46108. This compound, with the exception of the boiling- 
point, cannot be distinguished from cineol. 

Thio-borneol C10H17SH, m.p. 63®, b.p.jj 95®, by the action of sulphur 
upon bornyl-magnesium chloride, and through transposition of hydro- 
pinene-sulphinic acid, camphane-sulphinic acid CiqHi7S02H, m.p. 64®, 
obtained from bornyl-magnesium chloride and SOj. Chromic acid 
oxidises thio-borneol into bomyl disulphide (CioHi7)2S2, m.p. 178®, 
which, on distillation at ordinary pressure, decomposes into thio-borneol 
and thio-camphor (B. 39 , 3503). 

3. Amines have been obtained by the reduction of nitroso-pinenes, 
oximes, and nitriles, as well as ketones with ammonium formate. 

Bornylamine C10H17.NH2 melts at 159® and boils at 199®. The 
formyl compound is product when camphor is heated with ammonium 
formate, and the base itself by the reduction of camphor-oxime with 
alcohol and sodium. 

In the latter reaction two geometrically isomeric optically active 
bases are obtained : bornyiamine, m.p. 173®, [a]D=+45*5®; and neo- 
bornylamine, m.p. 180®, [a]D=— 3 i* 3 ° (C. 1898, II. 300). 

l^mylamine possesses an odour like that of camphor and piperidin 
(A. 269 , 347). Heated with acetic anhydride, it splits up at 200®-2io®, 
forming camphene (A. 269 , 347). 

Camphylamlne C2H15.CH2.NH2, boiling at i94®-i96®, is produced 
ixdien the nitrile of campholenic acid is reduced. Tlie benzoyl cowr 
pound melts at 77® (B. 20 , 485 ; 21 , 1128). 
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Campholamtne CioHi9.NHs, and esmphelamlne C9H17NH2, see 
Campholic acid. 

Camphenamine b.p.joo D^o 0*9399, formed from 

chloro - camphenamine with soda, which is obtained from amido- 
bomeol CjoHi9(OH)(NH2), the reduction product of amido-camphor 
(B. 33 , 481). With HNOg, camphenamine gives a tertiary unsaturated 
alcohol CioHi 5(OH), m.p. 102°, the so-called j3-iso-camphor, isomeric 
with camphor and closely resembling it (A. 313 , 59). 

Campbenylamine C9H15.NH2, m.p. 91°, b.p. 185®, by reduction of 
camphenilone-oxime with Na and alcohol (A. 366 , 75). 

Camphane - diamine CioHie(NH2)2, a wax-like mass, b.p. 246®, 
formed by reduction of camphor-dioxime or amido-camphor-oxime 
(C. 1905, II. 178). 

Fenchylamine and fencholenamine sustain the same relation to each 
other that we observed in bornylamine and camphylamine. 

Fenchylamine C10H37NH2, boiling at 195®, with specific gravity 
0*9095 (22®), is known in three modifications, produced from the cor- 
responding fenchones on heating them with ammonium carbonate, or 
by reducing the fench one-oximes. D-l-Fenchylamine, [a]T,= — 24*89°, 
obtained from d-fenchone, yields D-l-fenchene and d-limonene on 
the action of HNO2. The optical rotatory power of a series of deriva- 
tives has been studied : 

Formyl-, acetyl-, propionyl-, butyryl-fenchylamines, [a]D=— 36*56®, 
—46*62®, -53*16°, 53*11® (A. 276 , 317). 

Fencholenamine C9H15.CH2.NH2, boiling at iio®-ii5° (21-24 mm.), 
results from the reduction of the nitrile of fencholenic acid nitrile 
(A. 263 , 138). 

Fenchelylamine C9H17NH2, b.p. 173®, is formed from fenchelyl iso- 
cyanate C9H17N : CO, the result of the action of potassium hypo- 
bromite upon fencholic acid amide. On dry distillation its chloro- 
hydrate yields apo-fenchene C9H19, b.p. 143®, Dgi 0*7945 (A. 369 , 79 ; 
C. 1910. II. 875). 

4. Ketones. — Various transformation products of the ketones 
CioHieO, camphor and fenchene, have been treated in the preceding 
sections. By reduction they yield borneol and fenchyl alcohol, from 
which they are conversely again obtained by oxidation. 

Camphor is known in two optically active modifications and one 
optically inactive modification, while fenchone is known in two opti- 
cally active forms. 

d-Camphor, common camphor, Japan camphor C10H19O2, melting 
at 175® and boiling at 204®, with [a]D= +44-22® in alcohol (A. 250 , 352), 
is found in the camphor tree (Ctnnamomum camphor a). It is obtained 
by distillation with steam and sublimation. Artificially, it is made 
on an industrial scale by changing oil of turpentine (pinene) into bomeol 
or iso-bomeol, and oxidising with KMnO^, ozone, nitric acid, etc., but 
the result is mostly inactive. Camphor is also formed by oxidation 
of camphene with chromic acid. It is a colourless, transparent mass, 
crystallises from alcohol, and sublimes in shining prisms of specific 
gravity 0*985. It is very volatile, and is applied therapeuticsdly as 
well as in the manufacture of celluloid and smokeless powder. Its 
alcoholic solution is dextro-rotatory. Camphor 5delds pure cymol if 
VOL. II. 2 M 
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distilled with P,0„ and on boiling with iodine form etiwol C„Ff„o 
When boiled with nitric acid it yields different aads, <*iefly camphori. 
and camphoronic acids. Upon reduction it passes into bomeol anc 
iso-borneoi. 

l-Campbor, matricarla camphor, is contained m the oil of Jl/a/ri- 
carta Parthenium. It resembles d-camphor even to the rotator)) 
power [a]o= —44-22®. It )4elds 1-camphoric acid upon oxidation. 

(d+l)-Camphor, melting at 178-6®, is produced on mixing d- and 
1-camphors, and by the oxidation of i-bomeol and i-camphene with 
chromic acid (B. 12, 1756). Also by racemising ordinary camphor with 
AICI3 (C. 1S99, I. 1243). 

Constitution of Camphor . — The camphor formula (i) proposed by 
Kekule (1873) satisfactorily accounted for the change of camphor into 
p-cymol and carvacrol. However, the ready anhydride formation of 
camphoric acid, which had led to a seven-membered ring, could not 
be brought by it into accord with the known epq>eriences relating to 
the anhydride formation of aliphatic dicarboxylic acids. The lack of 
additive power also remained unexplained. The formulae of Kanonni- 
koff and Bredt explained these relations much better. In them the 
p-carbon atoms of the hexagon of camphor were brought in direct 
union. The anhydride formation of camphoric acid, thus made 
parallel with ethylene-succinic acid, could be understood on the basis 
of this formula. Baeyer (1893) showed that, as camphoric anhydride 
melted higher than its hydrate, it probably contained an n-glutaric 
acid anhydride ring (A. 276, 265). 

Camphoric acid is not the only oxidation product of camphor, foi 
when it is further oxidised camphanic acid and camphoronic acid ar( 
produced. In the latter acid J. Bredt recognised a, a, j5-trimethyl 
tricarballylic acid, inasmuch as it decomposed, upon the applicatioi 
of heat, into trimethyl-succinic anhydride, iso-butyric acid, carbonic 
acid, water, and carbon ; whereas, when camphoranic acid, the lacton 
of oxy-camphoronic acid, obtained from it, is fused with caustic potash 
trimethyl-succinic acid and oxalic acid are produced very readil) 
Bredt concludes from this behaviour that the carbon grouping of cam 
phoronic acid, as well as that of trimethyl-succinic acid, must be presen 
in camphanic acid, camphoric acid, and camphor. The formula c 
Bredt (1893) may be imagined (B. 26, 3047) to have been evolved fror 
that of Kekule by rotating the iso-propyl group about 180®, until it li« 
within the hexagon, and then its middle carbon atom is allowed t 
unite the two p-carbon atoms of the hexagon by the migration of a 
H atom and the dissolution of the double union : 


CHg-CHCHa 

CHaC.HCH, 

CHgCHCH, 


CH 

< 

*. - 

C 

CH 


/ 

j\ 

/ N 

1 , 

H,C 

! 

CH, 

! 

H,C 

t 

CO 

1 

H,C 

CH, 

1 1 

H,C 1 CH, 

CHa.C.CHjI 

HC 

CO 

H,C 

CH, 

H,C 

CO 

H,C 1 CO 

C 

\ 

C 


^1/ 

c 


CH, 

CH, 

CH, 

03 , 

(Bredt, 1893). 

(Kekule, 1S73) 

(Kanonnikofi, 1683) 

(Bredt, 1864) 


The position of the CO group is proved by the conversion 
camphor into carvacrol (see a&)ve). 
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The oxidation of camphor (i) to camphoric add (2), camphanic 
add (3), and camphoronic add (4), as well as the decomposition of the 
latter into trimethyl-succinic acid (5), also found among the oxidation 
products of camphor (B. 26 > 2337), is represented in the following 
diagram : — 


CH, CH— CH, 

I (CH,),i I — 


CH, C CO CHg- 

(I) (1h, (2) 

CO,H CO,H 

{CH3),<!; 

CH, — (L-CO,l 

(4) 


CH, CH— CO,H CH, C— CO, 

I 

(CH,),C ► (CH,),C O- 

CHr— <!; CO,H CH, C— do 


(3) CH, 

CO,H 

(CH,).^ 

dn— co,H 
(5) dn. 


This interpretation is corroborated by the synihesis of camphor, 
which can be carried out as follows (Komppa, A. 370 , 209). 

Oxalic ester and jS-dimethyl-glutaric acid ester are condensed by 
sodium ethylate to diketo-apo-camphoric acid ester (i) ; by means of 
methylation with methyl iodide and sodium, in alcoholic solution, 
this is turned into diketo-camphoric acid ester (2). By means of the 
intermediate products — dioxy-, dehydro-, and bromo-camphoric acid — 
the diketo-camphoric acid may be reduced to a mixture of cis- and 
trans-[d+l]-camphoric acid (3), which are separated by utilising their 
different behaviour in forming anhydrides. cis-Camphoric anhydride 
is reduced to the lactone campholide (4) by means of Na amalgam, 
and this combines with potassium cyanide to the nitrile of homo- 
camphoric acid (5). The latter, which can also be prepared from 
cyano-camphor by saponification and splitting, yields camphor (6) on 
distillation of its calcium salt : 


( 2 ) CO,CH CO,R 

I <^(CH,), 
C0.C{CH3).C0,R 

(4) CH,.CH CH, 

I C(CH,), 
CH,.C(CH,)— CO 

CH,.CH.CH,CN ( 5 ) CH,.CH.CH,CO, ( 6 ) CH,.CH CH, 

I C{CH,), ► I C(CH,), \ca— I C(CH,), j 

CH,.C(CH,).COOH CH,.C(CH,).CO,^ CH,.C(CH,).CO. 

Since racemic camphoric acid can be split up into d- and 1 -camphoric 
acids by means of its cinchonidin salt, the above process is also useful 
for the preparation of optically active camphor. 

On a second method of synthesising camphor, see Perkin and 
Thorpe, C. 1906, II. 241. 

On the stereo-isomerism of the camphor molecule, see A. 816 , 196 
(also J. Bredt, Vber die rautnliche Configuration des Camphers, 
Leipzig, 1905), 


COOK CH, CO,R (I) CO.CH CO,R 

I + C(CH,), ► I C(CH,), 

COOR CH, CO,R CO.CH CO,R 

CO.CH CO,H ( 3 ) CH,.CH CO,H 

C(CH,), ► I C(CH3), 

CO.C(CH,).CO,H CH,.C(CHs).CO,H 
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distilled wdth PgOg, and on boilinj^ with iodine forms carvacrol C10H14O. 
When boiled with nitric acid it yields different aads, chiefly camphoric 
and camphoronic acids. Upon reduction it passes into borneol and 
iso-bomeol. 

1-Camphor, matricaria camphor, is contained in the oil of Matrix 
carta Parthenium, It resembles d-camphor even to the rotatory 
power [a]D=— 44’22®. It yields 1-camphoric acid upon oxidation. 

(d+l)-Camphor, melting at 178-6®, is produced on mixing d- and 
1-camphors, and by the oxidation of i-bomeol and i-camphene with 
chromic acid (B. 12, 1756). Also by racemising ordinary camphor with 
AlCls (C. 1899, I. 1243). 

Constitution of Camphor , — The camphor formula (i) proposed by 
Kekule (1873) satisfactorily accounted for the change of camphor into 
p-cymol and carvacrol. However, the ready anhydride formation of 
camphoric acid, which had led to a seven-membered ring, could not 
be brought by it into accord with the known experiences relating to 
the anhydride formation of aliphatic dicarboxylic acids. The lack of 
additive power also remained unexplained. The formulae of Kanonni- 
koff and Bredt explained these relations much better. In them the 
p-carbon atoms of the hexagon of camphor were brought in direct 
union. The anhydride formation of camphoric acid, thus made 
parallel vith ethylene-succinic acid, could be understood on the basis 
of this formula. Baeyer (1893) showed that, as camphoric anhydride 
melted higher than its hydrate, it probably contained an n-glutaric 
acid anhydride ring (A. 276, 265). 

Camphoric acid is not the only oxidation product of camphor, for 
when it is further oxidised camphanic acid and camphoronic acid are 
produced. In the latter acid J. Bredt recognised a, a, jS-trimethyl- 
tricarball3^1ic acid, inasmuch as it decomposed, upon the application 
of heat, into trimethyl-succinic anhydride, iso-bntyric acid, carbonic 
acid, water, and carbon ; whereas, when camphoranic acid, the lactone 
of oxy-camphoronic acid, obtained from it, is fused with caustic potash, 
trimethyl-succinic acid and oxalic acid are produced v^ readily. 
Bredt concludes from this behaviour that the carbon grouping of cam- 
phoronic acid, as well as that of trimethyl-succinic acid, must be present 
in camphanic acid, camphoric acid, and camphor. The formula of 
Bredt (1893) may be imagined (B. 26, 3047) to have been evolved from 
that of Kekule by rotating the iso-propyl group about 180®, until it lies 
within the hexagon, and then its middle carbon atom is allowed to 
unite the tw^o p-carbon atoms of the hexagon by the migration of an 
H atom and the dissolution of the double union : 

CH3CHCH, 

CH 

H,C CH, 

j ' 

HC CO 

\/ 

c 

CH, 

(Kekule, 1873) 

The pNOsition of the CO group is proved by the conversion of 
camphor into carvacrol (see above). 


CH3C HCH, 

C 

H,C I CO 


H,C CH, 

!/ 


CHsCHCH, 
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H,C^ CH, H,C 


H,C CO 

\ / 


: 1 CH, 

CHj.C.CH,! 


(Kanonnikoff, 1883) (Bredt, 1884) (Bredt, 1893) 
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The oxidation of camphor (i) to camphoric add (2), camphanic 
add (3), and camphoronic acid (4), as well as the decomposition of the 
latter into trimethyl-succinic acid (5), also found among the oxidation 
products of camphor (B. 26 , 2337), is represented in the following 
diagram : — 

CO,H CH, C— CO,H 

\ 

► (CH,),C O ► 

co,H CH, — c— do 

I 

( 3 ) CH, 

CO,H 
^ {CH,),(!: 

dn— co,H 
(5) dn. 

This interpretation is corroborated by the syidhests of camphor, 
which can be carried out as follows (Komppa, A. 370 , 209). 

Oxalic ester and jS-dimethyl-gliitaric acid ester are condensed by 
sodium ethylate to diketo-apo-camphoric acid ester (i) ; by means of 
methylation with methyl iodide and sodium, in alcoholic solution, 
this is turned into diketo-camphoric acid ester (2). By means of the 
intermediate products — dioxy-, dehydro-, and bromo-camphoric acid — 
the diketo-camphoric acid may be reduced to a mixture of cis- and 
trans-[d+l]-camphoric acid (3), which are separated by utilising their 
different behaviour in forming anhydrides. cis-Camphoric anhydride 
is reduced to the lactone campholide (4) by means of Na amalgam, 
and this combines with potassium cyanide to the nitrile of homo- 
camphoric acid (5). The latter, which can also be prepared from 
cyano-camphor by saponification and splitting, yields camphor (6) on 
distillation of its calcium salt : 

(2) CO,CH CO,R 

I C(CH3), 
CO.C(CHs).CO,R 

(4) CH,.CH CH. 

1 C{CH,). >0 

CH,.C(CH,)— CO 

CH,.CH.CH,CN (5) CH,.CH.CH,CO, (6) CH,.CH CH, 

I C{CH,), ► I C(CH,), \ca— I C(CH,), | 

CH,.C(CH,).COOH CH,.C(CH,).CO,''^ CH,.C(CH,).CO. 

Since racemic camphoric acid can be split up into d- and 1 -camphoric 
acids by means of its cinchonidin salt, the above process is also useful 
for the preparation of optically active camphor. 

On a second method of synthesising camphor, see Perkin and 
Thorpe, C. 1906, II. 241. 

On the stereo-isomerism of the camphor molecule, see A. 816 , 196 
(also J. Bredt, t)her die rAtmliche Configuration des Camphers, 
Leipzig, 1905). 


COOR CH, CO,R (i) CO.CH CO,R 

I + C{CH,), ► 1 C(CH,), 

COOR CH, CO,R CO.CH CO,R 

CO.CH CO,H (3) CH,.CH CO,H 

C(CH,), ► 1 C(CH,), 

CO.C(CH,).CO,H CH,.C(CH,).CO,H 


CH, CH— CH, CH, CH— 

(CH,),i ► (CH,),i - 

CH, C CO CH, — 

(1) ( 1 h, (2) in, 

CO,H CO,H 

{CH,),i 

CH, — (L- CO,H 
(4) 
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The camphor formula leads to the formulae for bomeol, camphene, 
and numerous other compounds in genetic connection with camphor. 
The recognition of the connection between camphor and its transforma- 
tion products is frequently impeded by far-reaching molecular re- 
arrangements undergone by these bodies, especially with acid reagents 
(cp. j8-campholenic acid, jS-campholytic acid, etc.). 

Transformation Products of Camphor, — Chlorine and bromine 
convert camphor into mono- and di-substitution products, a- and j 3 , d- 
chloro-camphor melt at 92° and 100^. a- and j 8 -Dichloro-camphor 
melt at 93® and 77®, while a- and jS-bromo-camphor melt at 76® and 61®. 
On the action of sodium upon bromo-camphor, dicamphor 
and dicamphene-dione (CioHi 40 ) 2 , see C. 1898, 1. 295, and B. 87, 1569. 
With magnesium in ether the a-bromo-camphor yields bromo- 
magnesium-camphor, which is found to be very suitable for syntheses 
(B. 36, 2608 ; 37, 749). a- and jS-Dlbromo-camphor, m.p. 61® and 
115® (cp. C. 1897, II* 76) ; on the decomposition of a-dibromo-camphor, 
see C. 1900, I. 198. a-Iodo-camphor, m.p. 43®, is formed by the 
saponification of iodo-formyl-camphor, or by the action of iodine upon 
sodium-camphor. a-Di-iodo-camphor, m.p. 109®, is formed by the 
action of iodine upon alkaline alcoholic solution of formyl-camphor 
(B, 37, 2156). 

With PClj camphor gives several camphor dichlorides, dichloro- 
fCH, 

camphanes C,Hi4| | which, on shaking up with concentrated 
I CClj 

sulphuric acid, split the bridge linkage, and pass easily into carvenone. 
By heating camphor with alcoholic ammonium sulphide, a mixture 
of sulphides is obtained which, on distillation, yields thio-camphor 
CioHi^S, red crystals, m.p. 119®, b.p.jj 104®, and thio-bomeol (B. 
36, 863). 

By heating chloro-camphor and bromo-camphor with nitric acid, 
or by chlorinating or brominating nitro-camphor, we obtain chloro- 
and bromo-nitro-camphor, which, on reduction with copper zinc, or 
on treatment with sodium methylate, give nitro-camphor (B. 22, 
R. 266 ; 23, R. 115 ; 29, K. 270 ; 87, 2077 ; C. 1899, I. 1078). By 
reduction, nitro-camphor yields amido-camphor. An isomeric nitro- 

camphor (?)> ^ is formed from iso-nitroso-camphor 

by oxidation with nitric acid (C. 1902, II. 897). 

Camphor-sulphonic acids and their transformation products, see 
B. 28, R. 643 ; 29, R. 512 ; C. 1898, I. 619 ; 1902, II. 1464 ; 1903, 
I. 923. The d-camphor-sulphonic acid, and especially the d-bromo- 
sulpho-camphoric acid, are often useful for splitting up racemic bases. 

Camphor-oxime CjoHi, : NOH, m.p. 118®, b.p. 249® (A. 259, 331), 
gives, on reduction, bomylamine. Potassium hypobromite converts 

it into bromo-nitro-camphane ^•^M<^CBr(NO) * which, on 

reduction, gives nltro-camphane CjoH^NO*, m!p. 148 ® (C. 1900, 1. 544 ). 
By the action of nitrous acid upon camphor-oxime we obtain the 

< CH 

C : NH “ P- 95“' “omeric 
with jS-camphorimine and camphenamine, besides a substance 
NjO|, m.p. 43 , which is termed pernitroso-camphor or camphenile 
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nitramine, isomeric with camphor dioximes, and converted by sulphuric 
acid into a ketone isomeric with camphor (B. 29 , 2807 ; C. 1905, II. 
623). Camphor-oxime and eamphor-phenyl-hydrazone, b.p. 210°, 
can also be easily prepared from thio-camphor (B. 36 , 868). 

jS-Camphor, hornylone ^-P- 214®, structurally 

isomeric with camphor, is formed by the action of acids upon jS-cam- 
phorimine obtained from the azide of bomylene-car- 

boxylic acid by Curtius* transposition. In small quantities it is also 
obtained from a-oxy-camphane-5-carboxylic acid by oxidation with 
Cr03 (CA. Z/g. 35 , 765). 

Camphor-quinone m.p. 198®, is formed from iso-nitroso- 

camphor by boiling with dilute sulphuric acid, upon the action of 
nitrous acid or sodium bisulphite, or by the action of campho-carboxylic 
acid (B. 27 , 1447). If resembles the quinones or the a-diketones, has 
a peculiar sweet odour, is volatile with steam, and subhmes at 50^-60® 
in golden-yellow needles (A. 274 , 71). Camphor-quinone easily passes 
into camphoric acid derivatives, under the influence of various reagents 
(cp. B. 30 , 657, 659). Concentrated sulphuric acid converts it into a 
ketonic acid CjoHj^Og ; fuming sulphuric acid produces a transposition 
of camphor-quinone even at 0®, with splitting up of the CH3.C.CH3 
bridge, and enolisation of a keto-group (B. 35 , 3829). 

Iso-nitroso-camphor ^ exists in two forms, melting at 

153® and 114® respectively (C. 1908, I. 1270) ; it is formed by the 
action of amyl nitrite and sodium ethylate upon camphor. Concen- 
trated sulphuric acid converts it into camphoric acid imide (B. 26 , 
241). Acetyl chloride, PCI3, or soda and acetic anhydride produce 
camphoric acid mononitrile (B. 29 , R. 651). Zinc and dilute acids 
produce amido-camphor (A. 274 , 71). Camphor -quinone-phenyl- 

hydrazone CgHi4<^ m.p. 155®, is produced, besides its desmo- 

tropic form m.p. 180®, by the action of diazo-benzol 

chloride upon campho-carboxylic acid (B. 32 , 1995 ; cp. C. 1902, 
II. 210). 

bis-Camphanonazine, azo-camphenone m.p. 

222®, is obtained from camphor-quinone with hydrazin, and from azo- 
camphor by heating, together with camphenone (B. 27 , R. 892 ; C. 
1897, II. 761). 

Camphor-dioxime, a-dioxime, m.p. 201®, j3-dioxime, m.p. 248®, arc 
formed from iso-nitroso-camphor with acetic hydroxylamine. y-Di- 
oxime, m.p. 135®, from iso-nitroso-camphor with free hydroxylamine, 
on melting, passes into h-dioxime, m.p. 199°. The dioximes are dis- 
tinguished by their optical rotatory power (C. 1903, I. 1352). By 
reduction they yield the peroxide CjoHjeNjO*, m.p. 144®. They are 
also produced from bromo-pemitroso-camphor, a bromination product 
of pemitroso-camphor with hydroxylamine (C. 1900, II. 574). 

o-Oxy-camphor m.p. 203®-205®, is formed from 

camphor-quinone by reduction with glacial acetic acid and zinc dust. 
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It is easily alkylated and acylated. Sodium a m alga m reduces it to 
camphor. Sodium and alcohol, to swnphor-glyool ro*P« 

231®. This camphor-glycol is isomeric with the camphene-glvcol 
obtained from camphene with KMnOi, and must be regarded as 
the glycol of bomylene. By oxidation of oxy-camphor, camphor- 
quinone is regenerated (B. 35 , 3811). 

Csmpherol C,oH„ 0 *, m.p. 197®-I98®, is apparently isomeric with 
o-oxy-camphor. It occurs in the form of a glucuronic acid compound 
in the urine of dogs fed with camphor (B. 80 , 660). 

.CH.NH, 

Amido-eamphor C,Hi4C i , b.p. 244 , from nitro-camphor, or, 

xo 

better, from iso-nitroso-camphor, by reduction. It is a mass resembling 
paraffin, and s m e lling of fish. It condenses on standing to dlhydro- 
eamphene-pyrazin m.p. ii6‘’, and, as an 


0- amido-ketone, it is suitable for hetero-ring formations (cp. A. 318 , 25). 

Amido-camphor-ehlorohydrate, m.p. 224°, acts like curare, but much 
more feebly. Acetyl compound, m.p. 122°. Camphoryl-glycocoll ester 
CioHijO.NHCHjCOjCjHj is poisonous (A. 307 , 207 ; B. 81 , 3260 ; 32 , 
1538 : 85 , 3657)- Camphoryl-carbamide m.p. 169®, 

from amido-camphor and potassium cyanate, yields, with nitrous acid, 
eamphoryl-iso-cyanate CjoHuO.N ; C ; 0 , m.p. 77°, a substance very 
prone to reaction, from which numerous counter-derivatives have been 
obtained. 

Camphoryl-mustard oil CioHuO.N ; C : S, m.p. 106-5° (C. 1908, 

1- 257)- 


/N 


m.p. 74 


yeUow crystals, is obtained by the action of nitrous acid upon amido- 
camphor-chlorohydrate (B. 26 , 1718) ; with potassium sulphite it 
gives hydrazin sulphonate, which is split up by concentrated HCl into 
hydrazin and camphor-quinone (B. 29 , R. 1115). 

Camphenone m.p. 168^-170®, is formed besides azo- 


cam phenone by heating azo-camphor. It smells of camphor. Oxime, 
m.p 132" (B. 27 , R. 590). For the action of bromine and HBr upon 
camphenone, see B. 29 , R. 1108. 

If we wish to attach carbon groups to the camphor amalgam, 
sodium camphor (Ci0Hi5O)Na, obtained from camphor with sodium 
and sodium amide, is particularly suitable, and so is camphor-magnesium 
bromide (Ci0Hi5O)MgBr, obtained from a-bromo-camphor with mag- 
nesium in ether, in benzene, toluol, etc. By the action of halogen 
alkyl CO„ cyanogen, carboxylic esters, chlorides or anhydrides, of 
aldehydes and ketones upon these bodies, the radicles -CH.. -CO.H, 
-CN, -COR, -CH(OH)R', -C(OH)RR', =CHR are introduced instead 
of the hydrogens of the -CH* -CO group in camphor. The resulting 
products are capable of many transformations. 

d*Campho-carboxylle aefd m.p. 128®, with evolution 


of CO,. It is formed from camphor with sodium, or, better, from 



CAMPHANE GROUP 


sodium amide and CO| in benzene, or from bromo-camphor Mg and 
CO, in ether (B. 86, 668, 1305). The acid and its esters : methyl 
ester, b.p.,, i55'’-i6o* ; ethyl ester, b.p.,i 167®, give green and blue 
colorations respectively, with ferric chloride. With sodium and 
alkyline iodide the esters yield alkyl-canmho-carboxylic ester ; methyl- 
oampho-earboxyllc methyl ester m.p. 87® (acid ; 

m.p. 104°), ethyl-campho-earboxyllc ethyl ester, b.p.^, 165®. Some of 
these esters are difficult to saponify. With carboxylic hadoids the 
sodium campho-carboxylic esters change into 0-acylated products 

< 00O|R 

li ; but with benzol-sulpho-chloride besides benzol-sul- 
COAc 

phinic acid, a-chloro-campho-carboxylic ester is formed. a-Bromo- 
and a-iodo-campho-carboxylic esters are easily obtained 

(B. 36, 1732). With phenyl-hydrazin and campho-carboxylic ester, 
two isomeric campho-phenyl-pyrazalones are obtained (B. 32, 1987). 

By electrolytic reduction of campho-carboxylic acid in alkaline 

solution we obtain els- and trans-borneol-carboxylic acid * 

m.p. loi® and 171® respectively. KMn04 oxidises only the cis-acid 
of camphoric acid, whereas nitric acid oxidises both. With acetyl 
chloride both give rise to the aceto-compounds of the trans-acid, m.p. 
123°. By elimination of water both acids, but the cis-acid more 

readily, turn into bornylene-carboxylie acid m.p. 113®, 

b.p.13 158®. The latter unites with HCl or HBr in glacial acetic acid 
to form j3-chloro- and /S-bromo-hydro-bomylene-car boxy lie acid, m.p. 
85° and 91°, the alkaline salts of which, on boiling in aqueous solution, 
yield bornylene besides other products, and yield it in a particularly 
pure form. By reduction of j3- bromo-hydro- born} lene-carboxy lie acid 
with potassium amalgam, or of bornylene-carboxylie acid with h}’drogen 
and palladium, we obtain : 

Cainphane- 5 -carboxylic acid m.p. 91®, which is 

geometrically isomeric with the acid obtained by the action of CO, 
upon bornyl-magnesium chloride. 

Camphane - 6 - carboxylic acid, hydro - pinene - carboxylic acid 
“ P- 73° (A- 366, I ; B. 38, 3799)- 

✓CfJCN 

The nitrile of campho-carboxylic acid, cyano-camphor 

m.p. 127®, is formed from sodium camphor with gaseous cyanogen, 
and also from oxy-methylene camphor, by heating with hydroxyl- 
amine chlorohydrate, which also produces its oxime (A. 281, 349)* 
From sodium cyano-camphor, with alkyl iodides, we simultaneous!}' 

obtain 0 - and C-alkyl-cyano-camphor 

(C. 1903, I. 1085) ; from the latter, by saponification and elimination 
of COj, we obtain the alkyl camphor methyl-camphor 

m.p. 38®, [a]D+27®, which, with bromine, produces methyl-hromo- 
camphor, which, in turn, on treatment with alcoholic pota^, >delds 
methylene-camphor CioHj^O : CH*, m.p. 30®-35®. 218®, [o]»+i27® 
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(C. 1903, I. 971). Ethyl-oamphor, b.p. 226®-229'’, [o]n+40®, yields 
after the same treatment ethylidene-eamphor (C10H14O) : CHCHj, b.p.jo 
iio'’-ii5“. [a]B+ii3° (C. 1904. I. 948). 

Dimethyl-camphor b.p.u 106°, a mobile liquid 

smelling at the same time of camphor and menthone. It is formed by 
the action of sodium amide and methyl iodide upon camphor in ether 
or benzene solution ; by heating with NaNH2 it is split up to form 
the amide of dimethyl-campholic acid, m.p. 74® (C. 1909, 11. 442 ; 
cp. Fenchone). 

Oxy-methylene-camphor, formyUcamphor 80®, 

b.p. 28 138®, is formed from sodium-camphor or camphor-magnesium 
bromide and formic ester, as well as by the action of sodium 
methylate free from alcohol upon a-monohalogen and dihalogen 
camphor (B. 37, 2069) i oxy-methylene-camphor is a strong 
acid: methyl ether (C10H14O) : CHOCHj, m.p. 40®, b.p. 262®; acetate 
(CioHjiO) : CHOCOCH3, m.p. 63®, b.p. 290®-293®; with PClg, ehloro- 
methylene-camphor (CjoHnO) : CHCl, b.p.^e 119® is generated ; with 
bromine and iodine in neutral solution we obtain bromo- and iodo- 
formyl-camphor, m.p. 41® and 68® respectively. \\’ith nascent prussic 

acid we obtain the cyano-hydrin (CioH„0)CH<^^^, m.p. 122®, which, 

on boiling with acetic anhydride, yields cyano-methylene-camphor 
(C10H14O) : CHCN, m.p. 46®, b.p. 280®, the nitrile of eamphor- 
methylene-carboxylic acid (C10H14O) : CHCOgH, m.p. loi® (A. 281 , 306). 
By reduction of the formyl-camphors with sodium and alcohol we 

obtain two stereo-isomeric camphyl-glycolsc,Hi4<^^^^^*^^, cb-glycol, 

m.p. 87°, trans-glycol, m.p. 118®. KMn04 oxidises the trans-glycol 
into trans-borneol-carboxylic acid, while the cis-glycol — probably with 
intermediate formation of the cis-bomeol-carboxylic acid, which is 
attacked by KMn04, yields camphoric acid (A. 866, 62). 

The homologous acyl-camphors CaH,4 (desmotropic 

forms : and obtained from camphor- 

magnesium bromide with fatty-acid esters, chlorides, and anhydrides, 
in which case dicam phony 1-alky 1-carbinols (CioHi80)2C(OH)Alk occur 
ds intermediate products (B. 36, 2663 ; 37, 762) ; or by the action of 
alkyl-magnesium compounds upon cyano-camphor (C. 1906, I. 1468). 
Acetyl-, propionyl-, butyryl-, i-valeryl-camphor, b p.^ 118®, 129®, 132®, 
I4I®-I48®. Benzoyl-camphor, two forms, m.p. 87®-88®, m.p. 89® 
respectively, is also formed from sodium camphor with benzoyl chloride 
in toluol (C. 1903, I. 233, 458). 

By the condensation of camphor-magnesium bromide, with alde- 
hydes and ketones in ether, we obtain secondary and tertiary alcohols, 
some of which split off water : camphoryl-methyl-carblnol (CioHi50)CH 
{OH)CH,, b.p. 223®-226®, is formed from camphor-magnesium bromide 
with acetaldehyde in small quantities, together with acetyl-camphor. 
From benzaldehyde and camphor-magnesium bromide we only obtain 
benzoyl-camphor. From sodium-camphor and benzaldehyde we obtain 
benzylldene-eampbor (C]oHi40)CHC8H5, m.p. 96®, which is also formed 
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by reduction of benzoyl-camphor, and which, on further reduction, 
yields benzyl-camphor (CioHi50)CH2C,H5, m.p. 128*", and is split up 
by heating with HBr to benzylldene-campholic acid 

other aromatic aldehydes condense, like benzaldehyde, with sodium- 
camphor (C. 1901, II. 418). From (CioHi50)MgBr with acetone we 
obtain camphoryl-dimethyl-carbinol {CioHj50)C(OH) (€113)2, m.p. 88°, 
b.p. 2io°“2i5°, which, on boiling with dilute sulphuric acid, yields 
iso-propylidene-camphor (C10H14O) : C(CH8)2, b.p. 200°-204° ; cam- 
phoryl-diphenyl-carbinol (CioHi50).C(OH) (€4115)2, m.p. 122°, from 
(€joHi50)MgBr with benzo-phenone (B. 86, 2627). 

With oxalic ester and sodium ethylate, camphor condenses to 

camphor-oxalic acid m.p. 88°, from which a number 

of derivatives have been prepared (€. 1900, I. 905 ; 1901, II. 544 ; 
1908, I. 1182). 

Broken Ring-products of Camphor, — The splitting up of the camphor- 
ring system can take place in two ways in its first phase. In one way 
the bridge group €H3€€H3 of camphor, which is always in a strong 
state of strain, rises up.'' On the other hand, the splitting may take 
place at the keto-group of camphor, in which case derivatives of the 
5-membered camphoceane-ring contained in camphor are formed 
(A. 299 , 162). Examples of the former kind are shown by the 
transformations of camphor into cymol, carvacrol, and carvenone : 

CH,— CH CHj CHjCHCHa 

Camphor j CH3CCH3 | > € CH carvenone. 

CH,— C(CH,).CO CH,— CHlCHj) t O 

An analogous reaction is the transformation of camphor-quinone 
by fuming sulphuric acid (cp. the splitting up of carone and pinene, 
above.) 

The second group of disintegrations comprises the transformations 
of camphor into campholic acid, campholenic acid, and camphoric 
acid. 

CH 

{a) Campholic acid C.Hj* qqq ^, m.p. 107° (active), m.p. 109° (in- 
active), is formed by heating camphor-borneol or iso-borneol wdth caustic 
potash to 250°-28 o° (B. R. 376; C. 1909, I. 1562). By boiling 
with nitric acid it is oxidised to camphor-camphoric acid and cam- 
phoronic acid (B. 27, R. 752) ; on the other hand, campholic acid can 
be recovered from camphoric acid by reducing camphoric anhydride 
to a-campholide, converting the latter with HBr into bromo-campholic 
acid and heating this with zinc dust to 50°--6o° (C. 1900. I. 603). 
Anhydride, m.p. 58° (inactive), m.p. 66° (inactive). Chloride, b.p. 222°, 
decomposes on heating with P2O5 into H€I, € 0 , and campholene. 
The amide melts at 79° (active) and 90° (inactive). 

The nitrile melts at 72° and boils at 218°. It yields campholamine, 
€ioHi 9NH2, melting at 210°, upon reduction. Bromine and caustic 
alkali change the amide to camphelyl^iso-cyanate, boiling at 201°, from 
which camphelamine C2N17NH2, melting at 43° and boiling at 175^, is 
obtained (B. 26, R. 21 ; 27, R. 126 ). Iso-eamphoUc aeld, B. 29, R. 
356 . The camphor-ring in camphor-oxime can be very easily ruptured 
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by mineral adds, the products being a- and jS-campholene-nitrile, 
iso-amino-camphor, and dihydro-campholene-lactone. 

CH,— CH CH, 

a-Campholenle aold | >c(CHs),| boils at 256^. Its 

CHr-.C— CH3 COOH 

specific gravity equals 0 992 (19''). It is optically active, nD=i*47i25. 
The nitrile, b.p. 226®, of this acid is produced with water exit when 
dilute sulphuric acid or acetyl chloride acts upon camphor-oxime. 
The reduction of the nitrile produces a-eamphylamlne C,oH„NH„ 
boiling at 195 . Alcohohc potash saponifies it to a-campholamide, 
melting at 130®, which with alkali hypobromite gives the lower homo- 
logue of camphylamine, a-amido-campholene CgHjgNH^, b.p. 185® 
(C. 1899, 11 . 385), and on further saponification campholenic acid. 
The latter is oxidised by potassium permanganate to : 

a-Dioxy-hydro-eampholenie acid CjHi5(OH),COjH, melting at 
144®, and a ketonic acid, 1-pinonie acid, which affords decomposition 
products similar to those of the like-named oxidation product of 
pinene. Chromic acid oxidises a-campholene- or dihydro-dioxy- 
campholenic acid to Iso-keto-camphorlc acid CioHie05=CHj.CO. 
C(CH3)2CH(CH2C00H)2, and, eventually, to Iso-camphoronlc acid 
C02H.C(CH3)3CH(CHj,C00H)3 (A. 289 , 19; C. 1899, II. 833), m.p. 
167®. Concentrated sulphuric acid, when wanned with the latter 
body, sets free CO, and terpenylic acid results (B. 29 , 3006). 

Campholenic acid is stable in the presence of alkalies, but acids 
transpose it in a peculiar manner (CA. Ztg. 1900, 858) into 


CH,— C- 


-CH, 


1 /CCH, I 
.H,— C.{CHs),COOH 


j3-eampholenic acid, melting at 52® and boiling at 245®, which is 
optically inactive. Its nitrile, boiling at 220®-230®, is produced in the 
action of stronger acids (concentrated HI) upon camphor-oxime. It is 
reduced to jS-camphylamlne, melting at 197®, which may be saponified 
to an amide, melting at 86®. Potassium permanganate oxidises 
^-campholenic acid to a dihydroxy-acid, melting at 146®, and with it 
an oily acid which readily changes to iso-camph>rone C3H14O, boiling 
at 217®. Chromic acid oxidises the j 3 -acid to y-acetyl-lso* oaprolc acid 
CH,.C0.C(CH3)2CH2CH2C00H, melting at 48®. Further oxidation 
leads to a decomposition into a-dimethyi-glutaric acid and a-dimethyl- 
succinic acid. The same decomposition products are obtained from 
iso-camphorone (B. 30 , 242). The conversion of j 3 -campholenic acid, 
when heated with bromine, into i, 3, 4-xylyl-acetic acid (B. 29 , R. 
643) is peculiar. 

^-Dihydro-campholene-lactone, melting at 30"^ and boiling at 
256®, appears as the principal or the by-product in the decomposi- 
tions of camphor-oxime by strong acids, and may be obtained by 
acids from the two campholenic acids, as well as from iso-amino- 
camphor. 

Synthetically, it is prepared by the action of CHaMgl upon 3, 3- 

CHj.CH— CH,.CO,R 

dimethyl<ycUH>efUanone*aceiic ester >CO (C. 1908, 1 . 1056). 

CH,.C(CH2), 
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Chromic acid oxidises it to oxy-dihydro-campholene-lactone, melting 
at 144° (B. 80 , 404). 

Iso-amino-camphor C]oHi70N, boiling at 254^, is formed along with 
the preceding bodies when stronger acids act upon camphor-oxime, 
campholene-amides, and nitriles. It apparently contains a primary 
amine group, and is very similar to the isomeric amido-camphor. It 
changes quite readily to dihydro-campholeno-lactone (B. 80 , 324). 

a-Dihydro-campholenic acid CioHi^Og, b.p.22 160® ; the nitrile, b.p. 
225®-228°, of this acid is obtained by heating the isomeric camphor- 
imine with access of air (B. 88, 1929). By bromination, and elimina- 
tion of HBr, we obtain the isomeric acid (C8H14) : CHCOOH, m.p. 70°, 
isomeric with campholenic acid, and this becomes 2, 3, 3-trimethyl- 
cyclo-pentanone, m.p. 165°, on oxidation with KMn04 (C. 1902, 1 . 585). 

CH,--C(CH3) sx 

Campholene 1 yCCH* (?), boiling at 134 , is produced 

tH,— C(CH,)/ 

when a- or, better, j8-canipholenic acid has been heated. Carbon 
dioxide is eliminated. It is, further, formed from campholic acid or 
campholic acid chloride, when acted upon with P^Og. Synthetically, 
it has been obtained by the action of CHaMgl upon 1,1, 4-trimethyl- 
cyclo-pentanone-5, elimination of water from the resulting tetra- 
methyl-cyclo-pentanol (C. 1907, II. 2050). It is optically inactive, 
and yields on oxidation )3j3-dimethyl-l8BVUllnic acid CH8COC(CH3)2 
CHjCOOH, and unsym. dimethyl-succinic acid. 

Campholene dibromide melts at 97®. Campholene, heated with 
HI acid to 280®, becomes hexahydro-pseudo-cumol, just as j 3 -campho- 
lenic acid changes to xylyl-acetic acid (B. 80 , 594), and camphoric acid 
to tetrahydro-iso-^tylol (B. 26 , 3053). 

An apparently isomeric campholene CgHjj, boiling at 137®, has been 
obtained together with carvacrol from chloro-camphor by the action of 
zinc chloride (B. 26 , R. 492). 

Camphoric Acid. — There are four optically active, and two optically 
inactive, camphoric acids. 

CH,— CH— COOH 

d-CamphorIC acid, ordinary camphoric acid | ^(CHs), , 

CH,— C(CH5)— COOH 

m.p. 187®, [a]D==+497 alcohol, is obtained by heating d-camphor, 
or campholic acid, with nitric acid (A. 168 , 323), and, because it can be 
made without great trouble, has been exhaustively studied. When it 
is heated above the melting-point, or when it is treated with acetyl 
chloride (A. 226 , i), it changes to its anhydride, melting at 221® and 
boiling at 270®. Synthesis of camphor, see above. 

By fusion with caustic potash, camphoric acid changes to iso-propyl- 
succinic acid and 1-iso-camphoric acid ; by oxidation with nitric 

(CHj),C.CO,H 

acid, camphoronic acid and dinitro-caproic acid I are 

CH 3 .(I:(N 04 ), 

produced, while with chromic acid the products are camphoronic 
and trimethyl-succinic acids. Water and bromine change it to cam- 
phanic acid (B. 28 , 2151). On oxidising camphoric acid with perman- 
ganate, we obtain, besides oxalic acid as a characteristic product, a 
dibasic acid m.p. 121®, which can be divided into opticd 

antipodes. On reduction with HI, it yields ajSjS-trimethyl-glutaric 
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acid, and the anhydride of a/ 3 / 3 -trunethyl-gIutaric acid, resembling 
ethylene oxide. Its formula and formation may be represented as 
foUows 


CH,— CH— COOH 
I C(CH,), 

CH,— C(CH,)— COOH 


COOH 

COOH 


CH— COOH 
+O^C(CH3)j 

X(CH3)--C00H. 


The distillation of calcium camphorate yields oamphorone 
CH|ZflLcH(CHf)/^^* 3053)- In this reaction there 

is not only a cyclic ketone formation, but an erection of the 
camphor bridge CH5.C.CH3. The constitution of camphorone, first 
deduced from the oxidation products, is confirmed by its synthesis 
from 2-methyl-cyclo-pentanone and acetone, with sodium ethylate 
(C. 1900, 1 . 604), and its breaking up into these components, on heating 
with caustic potash (A. 331 , 322), as well as its behaviour towards 
hydrox^damine, with which it gives an addition product, camphorone- 
hydroxylamine C3Hi50(NH0H), m.p. 120® (B. 32 , 1343). By reduc- 
tion vrith sodium and alcohol we obtain a secondary alcohol, dihydro- 
camphorol CgH^.OH, and from this, with CrOj, we obtain dihydro- 
camphorone C^HnO, b.p. 184^-185® (B. 37 , 236), identical with 
dihydro-pulegenone, and obtained synthetically from a-methyl-Ui- 
iso-propyl-adipinic acid (C. 1908, I. 1056). 

Tetrahydro- and hexahydro-isoxylol are produced when camphoric 
acid is heated with hydriodic acid. 

The d-camphoric acid forms two series of acid esters : the a-esters, 
produced by the partial saponification of the neutral esters, and the 
^-esters, resulting from the partial esterification of the acids (B. 26 , 
289). For derivatives of ester acids, see C. 1906, I. 35. 

The dichloride boils at 140® (15 mm.) (B. 23 , 

R. 229). 

The diamide CgH,4C202(NH2)2, melting at 197®, is converted by 
potassium hypobromite into CigHjgNgOg, melting at 235®. This is 
probably the ureide of an oxy-acid (B. 27 , R. 894), corresponding to 
campho-lactone. Two isomeric camphor-amido-acids, a-, m.p. 177®, 
and jS-, 180°, have been obtained from the anhydride with ammonia, 
and from iso-nitroso-camphor with HCl (B. 29 , R. 96). The j 3 -acid 
has been obtained from camphor-imide, with sodium hydroxide (B. 
29 , R. 96 ; C. 1904, II. 1222). See below for decomposition products 
of these acids. 

The imide CgHi4C202NH, melting at 248® and boiling at 300®, is 
also formed from iso-nitroso-camphor (B. 26 , 58, 242 ; A. 257 , 308 ; 
328 , 342), and from camphoric anhydride by distillation in a current 
of NHj. In sulphuric acid solution, camphoric acid imide is reduced at 

lead electrodes to two isomeric lactames, camphidoneneC,Hi4<^^^*^NH, 

a-form, m.p. 231®, b.p. 295®, jS-form, m.p. 228®, b.p. 308®, and 
further to the base camphidin C8Hj4(CH2)2NH, m.p. 186®, b.p. 209® 
(B. 34 , 3274). a- and ) 3 -Camphidone are also formed by heating the 
chlorohydrates of a- and ) 3 -amido-campholic acids (see below), the 
lactames of which are probably the camphidones (B. 40 , 4311). 

Nitroso-a-camphidone, on heating with alkali, passes into a- 
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campholide (B. 88, 3806). Thlo-camphorie acid imide C,Hi 4(CS)*NH. 
m.p. 135° (C. 1910. 1. 1253). 

The methyl Imlde , m.p. 40 “-42®, is obtained 

from silver camphoron-imide and methyl iodide, as well as by heating 
methyl iso-imide above its melting-point (B. 29, R. 96). 

Methyl iso-imide melting at 134®, results when 

camphor-methyl-amino-acid is treated with acetyl chloride or PCI, 
(B. 26, R. 688). 

Camphoryl-hydroxyiamine c,Hi4<^^^^n.oh melts at 225® (B. 27, 

R. 893). It seems to be identical with so-called camphor nitro-phenol, 
obtained by boiling nitro-camphor in HCl (C. 1899, I. in). 

a-Campbor-nitrilic acid, cyano-lauronic acid C8HT4(CN)rOOH, 
melting at 152®, is formed when a-camphoramic acid is treated with 
acet\ I chloride and subsequently with ammonia, or by the interaction 
of acetic anh3^dride or PClg and iso-nitroso-camphor (B. 29, R. 651, 
779)- 

jS-Camphor-nitrilic acid, m.p. iio®-ii3°, from jg-camphor-amic 
acid. On distillation of their calcium salts both isomeric acids break 
the ring, and yield the nitrile of dimethyl-heptenic acid (CH3)2C : CH. 
CH2.CH2.CH(CH3)CN, b.p.j4 89®--90®, which is also produced by 
the distillation of camphoric acid imide, and camphor-amido-acids 
with lime, and represents the lower homologue of citronellic acid 
nitrile (A. 328, 338). By reduction with sodium and alcohol, a- and 
j3-camphor-nitrilic acid are reduced to a- and j3-amido-campholic 
acid C8 Hi 4(CH2NH2)COOH. Their chlorohydrates, a-, m.p. 248®, 
jS-, m.p. 2i5®-222°, on heating turn into a- and /3-camphidone 
(B. 40, 4311). 

1-Camphoric acid results from the oxidation of matricaria camphor. 
It resembles the d-variety in every particular, except the rotatory 
power. 

[d+l]-Camphoric acid, paracamphoric acid, melting at 204®, is 
formed upon mixing alcoholic solutions of equimolecular quantities 
of d- and 1-camphoric acids (B. 23, R. 229). 

d-lso-camphoric acid, d-cis-trans-camphoric acid, melting at 171®, 
with [a]D=+48°, may be prepared by heating 1-camphoric acid with 
water, or, better, with a mixture of glacial acetic acid and hydro- 
chloric acid, which produces some dextro “ iso-camphoric acid. It 
does not form a real anhydride, hence can be easily separated by means 
of acetyl chloride from the 1-camphoric acid. 

1-Iso-camphoric acid, [a]t,= — 48®, is obtained from both d- 
camphoric acid and its chloride. 

[d-t l]-Iso-camphoric acid, melting at 191®. results from the union 
of d- and 1-iso-camphoric acids, \^^en they are heated the corre- 
sponding camphoric anhydrides are produced (B. 27, 2001). Cp. B. 29, 
1700, for the crystal forms of the camphoric acids. 

CH,— C(C0,H).0 

Camphanic acid | CH,Cch, | , melting at 201 ®, is obtained 
CH,— C(CH,)— CO 

on boiling bromo-camphoric anhydride with water. Nitric and 
chromic acids oxidise it to camphoronic acid. By distillation cam- 
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phanic acid loses carbon dioxide, and becomes campho-lactone and 
lauronolic acid (A. 227 , i). Cp. B. 29 , R. 772 , 86i, for additional 
bromo- and oxy-camphoric acids. 

On the breaking up of camphanic acid nitrile to camphononic acid, 
a 2, 2, 3-trimethyl-cyclo-pentanone-3-carboxylic acid, see C. looi’ 
II. 1308. 

CH=c.CO,H 

Dehydro-eamphorio acid | ch,Cch* , m.p. 202“-203°, is 

CH,— C(CHs)CO,H 

obtained by heating cWoro- and bromo-c£imphoric acid ester with 
quinolin or diethyl-aniline, and subsequent saponification. It does 
not itself form an anhydride, but, on distillation, it shifts the 
double link, and passes into the anhydride of iso-dehydro-camphoric 
acid (acid, m.p. ; anhydride, m.p. i82“-i83°). Lauronolic 

acid (see below) is also produced, with elimination of CO« (B. 
35 , 1286). * ' 

On treating the two camphor-amic-acids with bromine and alkali, 
two isomeric amino-acids are produced : o-camphor-amic-acid yields 
amino-dlhydro-Iauronolic acid, and j 3 -camphor-amic-acid, amino- 
dihydro-a-campholytic acid : 

CH,— CH.CONH, CH,— CH.NH, CH,— CH.COOH CH,— CH.COOH 

>C(CH.), ► I >C(CH,), I >C(CH.), ► I >C(CH,),. 

CH,.C(CH,).COOH CH^C(CH,)COOH CH,.C(CH,).CONH, CH,.C(CH,).NH, 

Amino-dihydro-lauronolic acid (also called atnino-lauronic actd), 
treated with acetic anhydride, gives a lactame C,Hi4<^^, the 

nitroso-compound of which, on boiling with potash, forms some com- 
pounds which include the corresponding lactone, dihydro-lauro- 

lactone C,h,4<' i , m.p. 32” (B. 35 , 1291 ; C. 1909, I. 1095). The 
'CO 

amino-dih>dro-a-campholytic acid, which can also be formed from 
camphoric acid chlorimide, with sodium alcoholate, also yields a 

lactame and, in the sjime way, a lactone , dihydro- 

campholyto-lactone, m.p. 116° (A. 814 , 392). 

CH ^==CH\ 

Lauronolic acid 1 (also called y-lauronolic acid 

CH,— C(CH,)— COOH 

or allo-campholytic acid) is formed from amino-dihydro-lauronolic 
acid with nitrous acid, and from dehydro-camphoric acid, by splitting 
off COj. By oxidation in KMnO, or nitric acid, and splitting at the 
double link, it yields camphoronic acid (see below). 

CH,— C.CH, 

Iso-IauronoUc acid ! C.CH, (?) (Woringer’s lauronolic 

CH,— C{CH,)CO,H 

add) is formed from camphanic acid by distillation, and from bromo- 
camphoric anhydride with soda. On boiling with HCl, lauronolic acid 
and iso-lauronolic acid give the same y-lacton^ l 80 -dihydro>lauro- 

laetone (formerly called campho-lactone) C,Hi,<Q^^, m.p. 50", iso- 
meric with the dihydro-lauro-lactone (B. 85 , 1290 ; J- pr- Ch. 2, 88, 
400). 
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CHg^H— COOH 

a-Campholytlc acid I )C(CH®), , liquid, b.p.j, 140®, is formed 
CH=C(CHa) ^ . 

in the action of nitrous acid upon dihydro - amino - campholy tic 
acid (see above) (besides oxy-dihydro-campholytic acid CgHj4(6H) 
COOH, m.p. 132°, and its lactone, m.p. 116®), and by electrolysis of 
the potassium salt of a-camphor-methyl-ester acid. By oxidation 
with nitric acid, a-campholytic acid is oxidised to dimethyl-tricarbal- 
lyllc acid COOH.C(CH8)2.CH(COOH).CH2COOH (B. 83, 2935). By 
dilute sulphuric acid it is transposed, like a- into / 3 -campholenic 

CH,— (^0,H 

acid (see above), into j3-campholytic acid | ^CCH, , m.p. 134® 

CH,--C : (CHj), 

(formerly called iso-laiironolic acid). It is formed out of camphoric 
anhydride by the action of AICI3 (cp. C. 1900, I. 545 ; 1901, I. 78) ; it 
is also obtained by heating sulpho-camphylic acid to 200®. On heating 
with concentrated sulphuric acid, sulpho-camphylic acid is regenerated 
from jS-campholytic acid. The jS-campholytic acid contains no unsym. 
C atom, and is therefore optically inactive. On oxidation with 
chromic acid it yields, like jS-campholenic acid, dimethyl-hexanonic or 
aoetyl-capronic acid CH3COC(CH3)2CH2CH2COOH and a-dimethyl- 
glutaric acid (^ 4 . CA. Phys. 7, 18, 181 ; C. 1899, II. 871 ; cp. A. 314, 

392)- 

On a synthesis of a- and j 3 -campholytic acid from i, i -dimethyl- 
butane-i, 2, 4-tricarboxylic acid, see C. 1903, I. 923. On the dis- 
integration of dihydro-a- and -j3-campholytic acid to 2, 2, 3- and 
2, 3i 3-trimethyl-cvclo-pentanone, see C. 1902, II. 265 ; 1903, II. 287. 
CH,—CH 

Iso-laurolene | CCH3 , b.p. 108®, is formed on heating iso- 

CH,— cl (CH3), 

lauronolic acid to 300®. Synthetically, it has been obtained by the 
action of CHgMgl upon 2, 2-dimethyl-cyclo-pen tanone, and elimina- 
tion of water from the resulting alcohol. With KMnOa, dimethyl- 
hexanonic acid is formed, as in the case of jS-campholytic acid. With 
acetyl chloride and AICI3, it yields, like the aromatic hydrocarbons, a 
ketone isomeric with camphor : j3-campholyto-methyl-ketone CgHij 
(COCH3), b.p. 202®, also obtained from the chloride of jS-campholytic 
acid, with zinc methvl and potassium hypobromite (C. 1909, I. 751). 

Laurolene (?). b.p. 121°, is formed by heat- 

ing camphanic add with water to 180®, and from the nitroso-compound 
of amino-lanrolonic add lactame, by boiling with soda (C. 1909, II. 
801). 

Sulpho-oampbyllo aeld, sulpho-camphoric acid C,H,J : 

melting at i6o®-i65®, is produced in the action of sulphuric acid upon 
camphoric add. Upon heating it changes to / 3 -campholytic acid ; on 
fusing with soda, two adds are formed, C,H„ 0 „ a- and )3-eamphylie 
sold, m.p. 148® and 106® respectively. The former is reduced by 
sodium amalgam to inactive a-campholytic add (see above, and C. 1902, 
II. 366 ; 1903, II. 571). On oxidising sulpho-camphylic add wiA 
permanganate at 0®, it changes into tte so-called camphorylic add 
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C^H^oOe, adiketocarboxylic acid (C. 1899, 1. 931), and upon oxidation 
with nitric acid it yields sulpho-iso-propyl-succinic acid and dimethyl- 
malonic acid (B. 26, 2044). 

CH^—CH — CH,. 

a-Campholide l C(CH3), /O, melting at 211®, is formed in 

CH,— C(CH3).C0 

the reduction of camphoric anhydride with alcohol and sodium, just 
as phthalide is obtained from phthalic anhydride (B. 29, R. 221, 288). 
Also by heating nitroso-a-camphidone with alkali, and by oxidising 
camphor with Caro*s acid (B. 82, 3630). With PCI5 the lactone gives 
ehloro-campholic acid chloride C8H4(CH2C1)C0C1, m.p. 21®, b.p.15 132° ; 
by treatment with HBr, bromo-campholic acid C8Hi4(CH2Br)COOH, 
m.p. 177° with decomposition, which, by reduction, passes into cam- 
pholic acid, and, with PCI5, into bromo-campholic acid chloride, m.p. 

37®, b.p.j5 147®; jS-campholide formed 

in small quantity by reduction of camphoric acid j8-methyl ester with 
Na and alcohol (C. 1906, 1. 35 ; cp. B. 40, 4311). Dialkyl-a-campholides, 
like dimethyl- and diethyl-a-campholide, b.p.,o 146® and m.p. 38®, are 
obtained by the action of alkyl-magnesium haloids upon camphoric 
acid ester, or camphoric anhydride. In the latter case there are by- 
products in the shape of the corresponding campholides : dimethyl-^- 
campholide, m.p. 84® (C. 1910, II. 467). 

CHj—CH- COOH 
I /C(CH3), 

Carboxyl-apo-camphoricacid, camphoic acid CH,— c — cooh , melting 

iooH 

at I96®~2 oo®, is produced in the oxidation of camphene with dilute 
nitric acid. It forms an anhydride acid when it is heated. This melts at 
205®. It subsequently splits off COg and passes into the anhydride of : 

CH,— CH— COOH 

Apo-camphoric acid, pyrocamphoic acid \C(CH3)3, melting 

CH,— CH— COOH 

at 204®, which is also formed by oxidising fenchene with nitric acid. 
It is synthe^i^ed by a series of suitable reductions from diketo-apo- 
camphoric acid (cp. synthcsl:^ of camphor) and obtained in a cis- and 
a trans- form (m.p. 204® and 190® respectively). The anhydride of 
the former melts at 175® (A. 368, 126). In accordance with its sym- 
metrical formula, apo-camphoric acid is optically inactive. 

C=C(C03C,H,), 

d-Camphoryl-malonic acid ester >0 , m.p. 82®, 

^co 

b.p.4q 247®, by the action of Na-malonic ester upon camphoric acid 
chloride (A. 257, 298). Similar compounds are obtained by the 
transformation of chloro- and bromo-campholic acid chloride with 
Na-malonic methyl ester, which gives, besides halogen esters 

CiHi4 <!^qocH(CO,CH 8 ) 3 ' "' P* 73'"* “ halogens 

C,H„<^«*)^(CO,CH,), (?), m.p. 79* (R. Anschutz). Otherwise it 

behaves analogously to camphoric acid (B. 29 , R. 175, 773 ; Ch. Ztg., 
1896, p. 840). 

d'Homo-eamphorlc acid, hydroxy-campho-carboxyhc acid 
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< CH COOH 

CO H * melting at 234®, is produced when cyano-camphor is 

boiled with aqueous caustic potash. Its mononitrile is formed on heat- 
ing campholide with potassium cyanide (B. 29 , R. 288). d-Camphor 
is obtained on heating calcium homo-camphorate in a current of carbon 
dioxide. 

d-Hydro-camphoryl-acetIo add melting at 

142®, is produced when hydro-camphoryl-malonic acid is heated (A. 
257 , 303). 

d-Hydro-camphoryl-malonic add melting at 

178®, is obtained by the reduction of camphoryl-malonic ester (A. 257 , 

301). 

Camphoronic acid, aaB - trimethyl - tricarhallylic acid 
(CH8),C C(CH3)— CH, 

11 I is produced in the oxidation of camphoric 

COOH COOH COOH 

acid, lauronolic acid, and campholic acid with nitric acid. 

It has been synthesised in the following manner. Aceto-acetic 
ester and a-bromiso-butyric ester, or a-dimethyl-aceto-acetic ester 
and brom-acetic ester, are condensed by zinc to ^-oxy-a, jS-trimethyl- 
glutaric ester COOR.CH2C(OH){CH3)C.(CH3)2COOR, which PCI5 con- 
verts into the ester of the jS-chloro-acid, and the latter is then changed 
by potassium cyanide to the ester of j3-cyano-aaj3-trimethyl-glutaric 
acid, the mononitrile of camphoronic acid, which is then saponified to 
camphoronic acid. The synthetic acid is racemic, while the cam- 
phoronic acids have the rotation of the original camphoric acids 
(C. 1898, 1 . 248 ; A. 302 , 53). 

The importance of camphoronic acid in the determination of the 
constitution of camphor has been explained. Camphoronic acid melts 
at 135°, changing at the same time into camphoro-anhydridic acid, melt- 
ing at 135° and boiling at 205° (12 mm.). The chloride of the latter is 
converted by bromine into two isomeric bromo-camphoro-anhydridic 
acid chlorides ; one of these, when boiled with water, forms the lactone 
of unstable oxy-camphoronic acid, camphor anic acid, while the other, 
under similar treatment, yields a stable oxy-camphoronic melting 
at 248°. Camphoronic acid, upon distillation, breaks down into tri- 
methyl-succinic anhydride, iso-butyric acid, COj, HjO, and carbon. 

Camphoranic acid C9H,204+H20, melting at 209®, is a lactonic acid 
which resists decomposition by alkalies very strongly. When fused 
with caustic potash it is readily split into trimethyl-succinic acid and 
oxalic acid (privately communicated by J. Bredt) : 

CO O ^ COOH 

(CHa),C CfCH,) (COOH)CHCOOH (CH 3 ),C— CHlCHjlCOOH 

Camphoranic acid Trimethyl-succmic acid. 

CH,— CH C(CH,), 

Fenchone j Ch, ] (CA. Z^.. 29, 1313 ). m.p. 6". b.p. 

CH,-C.(CH,).CO 

193°, Di„ with specific gravity 0-9465 (19 mm.), nD=i-46306, occurs 
naturally in two isomeric modifications. Of all the known ketone 
derivatives of terpenes this ketone is most like camphor in its behaviour. 
VOL. II. * 
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d-Fenehone was discovered in 1890 by Wallach and Hartmann in 
fennel oil, while Menebone was found in 1892 by Wallach, together with 
pinene and thujone or tanacetone, in the oil of thuja. Potassium per- 
manganate oxidises it to dimethyl-malonic acid, acetic acid, and oxalic 
acid, while prolonged heating with concentrated acid oxidises it to 
dimethyl-tricarballylic acid, dimethyl-malonic acid, and iso-camphoro- 
nic acid (C. 1899, 1. 285). On reduction, it reverses its optical rotation 
and passes into d- and 1-fenchyl alcohol respectively, and fenchone 
pinacone, m.p. 97®. On heating with P^Oj fenchone yields m^ymol, 
probably vnth previous transposition ; under the action of strong 
sulphuric acid it is transformed into acetyl-xylol CH3CO.C5H8[3, 4] 
(CH3)2 (^* 1899, 11 . 1120). Fenchone does not combine with so^um 
bisulphite or phenyl-hydrazin, and forms no oxy-methylene compound. 
With sodium and CO, we obtain a- and j 3 -fencbo-carboxylic acid C10H17O 
(COOH), m.p. 142® and 77® respectively. These seem to be a-oxy- 
acids (A. 300 , 294). With bromine, fenchone, at 100®, gives mono- 
bromo-fenchone CioHjgOBr, b.p.^g I3i®-I34® ; while with phosphorus 
chloro-bromide, it yields tribromo-fenchane C^oHisBrj (B. 33 , 2287). 
Fenchone oxime CioH^ : NOH, m.p. 165® (active), 159® (inactive), b.p. 
240°. Fenchone semi-carbazone, m.p. 183® (active), 172® (inactive). 
By heating with caustic potash to 230®, or by the action of sodium 
amide, fenchone, like camphor and campherulone, is split up into 
f encholic acid, i •methyU^-iso^opyUcyclo-pentane-Karboxylic acid 
CH,— CH— CH(CH3), 

I Ch, , m.p. 19®, b.p.i7 152®, which has also been ob- 

CH,— C(CH 3 )C 0 ,H 

tained synthetically (C. 1909, II. 212). Chloride, b.p.jg 100® ; amide, 
m.p. 94® (A. 369 , 71). a-Fencholenic acid C^Hi^COOH, liquid, b.p. 
255®, and ^-fencholenic acid C9H15.COOH, m.p. 73®, b.p. 260°, are 
formed by saponifying their niti^es, a-nitrile, b.p. 212°, j 3 -nitrile, b.p. 
218®, which are obtained together on boiling fenchone oxime with dilute 
sulphuric acid (C. 1899, II. 115). They have not hitherto been changed 
one into the other, and are therefore not mutually related like a- and 
/ 3 -campholenic acid. Both acids become lactones on treating with 
concentrated sulphuric acid: oxy - dihydro - a - fencholenic lactone 
CjoHigO,, m.p. 78°, and oxy-dihydro-j 3 -fencholenic lactone, m.p. 69® 
(B. 39 , 2853), the latter being found also in the oxidation products 
of fenchyl alcohol. A third isomeric acid C9H15COOH, y-fencholenic 
acid, b.p.io 146®, easily passing into the a-form, is produced on heating 
bromo-fenchone with alcoholic potash (B. 40 , 432). 

Iso-fenchone CioHj^O, b.p. 201®, is formed by oxidation of iso- 
fenchyl alcohol with chromic acid. Oxime, m.p. 82® (active), 133® 
(inactive), easily substituted with bromine, forming monobrom-iso- 
fenchone, m.p. 57®. By heating with caustic potash it is split up into 
iso-fencholic acid CioHigO,, m.p. 34® ; amide, m.p. 66®. On oxidation 
with KMnOg, a dicarboxylic acid is formed, Iso-fencho-camphoric acid 
CioHieOg, m.p. 159® (active), 175® (inactive) (A. 362 , 194 ; 869 , 97). 

D. Sesqui-terpene and Poly-terpene Group. 

The sesqui-terpenes have the composition CjgHjg. They are re- 
lated to the terpenes proper in a manner similar to the hemi-terpene 
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isoprene. The sesqui-terpenes are widespread among the ethereal oils. 
Some 70 have been traced hitherto, but many of these may be identical. 
They are slightly coloured, rather viscous oils, boiling between 250® and 
280®, of a feeble and rather unpleasant odour, and many of them re- 
sinify easily, like the terpenes. On the basis of their molecular refrac- 
tion, and other physical and chemical properties, we may distinguish 
trebly unsaturated monocyclic, doubly unsaturated bicyclic, and singly 
unsaturated tricyclic sesqui-terpenes. A probably aliphatic sesqui- 
terpene has been found in Ceylon citronella oil (C. 1899, II. 880), but 
completely saturated tetracyclic sesqui-terpenes are unknown. As 
from the terpenes proper, so from the sesqui-terpenes, oxygenated 
compounds of the composition C15H24O and Ci^Hj^O are derivable, 
called sesqui-terpene alcohols, and sesqui-terpene camphors, which 
are distinguished from the terpenes themselves by generally possessing 
a great power of crystallisation. Practically nothing is known of the 
constitution of the sesqui-terpenes. Many of them contain, perhaps, 
hydrated naphthalin rings (B. 86, 1038). With halogen hydrides 
NOCl, N2O8, and N2O4 they sometimes form easily crystallising deriva- 
tives, which may serve for their separation and characterisation. In 
the following we enumerate some of the most important representa- 
tives of this group. 

Cadinene, b.p. 270°, 0*921 [a]D= —98*56°, is found in many 

ethereal oils, such as Oleum cadinum, cubebene oil, sandal-wood oil, 
angostura bark oil (C. 1898, 11 . 666 , 1900, 1 . 858). 

With HCl it yields a dichlorohydrate, m.p. 118°, from which, by 
heating with aniline or sodium acetate, cadinene can be regenerated 
(A. 288,84; C. 1908,11. 1354). 

Caryo*-phylleiie, b.p.jo 137^, D20 0*903, found in carnation and 
copaiva oil. It probably consists of two isomeric hydrocarbons, the 
optically inactive caro-phyllene found in hop oil (/. pr. Ch. 2, 88, 
483), nitroso-chloride, m.p. 177°, and the active jS-caryo-phyllene, 
nitroso-chloride, m.p. 159°; nitrosite, blue needles, m.p. 115°; dichloro- 
hydrate, m.p. 70° (C. 1899, By hydration with glacial acetic 

acid and sulphuric acid we obtain caryo-phyllene hydrate 
m.p. 95°, from which, by elimination of water, a probably tricyclic 
hydrocarbon isomeric with caryo-phyllene, clovene, is obtained (A. 271 , 
294 ; 869 , 41 ; B. 42 , 1062). 

a-Santalene, b.p. 9 ii8°“i2o°, D20 0*8984, nD= 1*491, and j3-santalene, 
b.p. 9 I25°-I27°, D20 0*892, nD== 1.4932, aure contained in the first dis- 
tillate of sandal-wood od ; the former is probably a tricyclic, and the 
latter a bicyclic, sesqui-terpene. On oxidation with ozone the a-santa- 
lene yields tricyclo-ek-santalic acid m.p. 68°, and the j3- 

santalene bicyclo-ek-santalic acid C11H14OH2, m.p. 64°, also obtained 
by disintegrating santalol (B. 40 , 3321). 

Zinglberene, b.p.2* 160°, Djo 0*8731, np=i*49399, [a]D= -73*38°, 
is contained in ginger oil. Nitroso-chloride, m.p. 97°; dichloro- 
hydrate, m.p. 169° (C. 1901, II. 1226). 

Galipene is the name of a dextro-rotatory sesqui-terpene obtained 
from the oil of angostura bark, Galipea officinalis (C. 1898, II. 6^). 

Santalol C15H24O, b.p.jo i6i°-i68°, D,© 0*973, forms the chief con- 
stituent of the Indian sandal-wood oil from Santalum album. It prob- 
ably consists of a mixture of two unsaturated primary alcohols, the 
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tricyclic a-santalol and the bicyclic / 3 -santaIoI. a-Santalol yields 
on oxidation with KMn04 or ozone tri-cyclo-ek-santalic acid. Acids 
convert a>santalol and its derivatives into isomeric, and, probably, 
bicyclic compounds (B. 40 , 1120). 

Patehonli alcohol C^HjcO, m.p. 56°. separates out from patchouli 
oil in crystals (A. 279 , 394 ; C. 1904, 1 . 1265). 

Cedrol CijH,jO, m.p. 87®, [a]D=+9° 31'. from cedar-wood oil of 
Juniperus virginiana. 

The diterpenes CjqH,, and polyterpenes (C^Hg). are yellow, viscid 
oils, boiling above 300°, volatilising with steam with some difficulty, 
and therefore but rarely encountered in ethereal oils. They are found 
in many balsams and resins. Their characterisation is rendered diffi- 
cult by the fact that they only 5rield crystalline addition products with 
difficulty. 

Addendum . — Closely related to the polyterpenes is the eholesterln 
already discussed in Vol. I., which, from its transformations, must be 
regarded as a polycyclic secondary ring alcohol, with a vinyl and an 
iso-amyl side chain. The constitution is complex, but is probably as 
follows (B. 42 , 3770) : 


CH. C„H.. 

CH(OH)— CH, 


CH 

CH, 


1 


Resins. 

The resins are closely related to the terpenes, and occur with them 
in plants, and are also produced by their oxidation in the air. Their 
natural, thick solutions in the essential oils and turpentines are called 
balsams ; whereas the true gum resins are amorphous, mostly vitreous 
bodies. Their solutions in alcohol, ether, or turpentine oils constitute 
the commercial varnishes. 

Most natural resins appear to consist of a mixture of different, 
peculiar acids, the resin acids. The alkalies dissolve them, forming 
resin soaps, from which acids agcun precipitate the resin acids. By their 
fusion with alkalies we obtain different benzene derivatives (resorcinol, 
phloro-glucin, proto-catechuic acid) ; and when they are distilled with 
zinc dust they yield benzenes, naphthalenes, etc. 

Colophony is found in turpentine and, in the distillation of the latter, 
remains as a fused mass. It consists principally of abietic add CjtjHjsOj 
(sylvic acid), which can be extracted by hot alcohol, crystallises in 
leaflets, and melts at 139® (147°). When oxidised it yields trimellitic, 
iso-phthalic, and terebic acids. 

On heating with sulphur it turns into retene. It is therefore prob- 
ably a decahydro-retene-carboxylic acid (C. 1904, II. 1308), and thus 
is closely connected with fichtelite, a fossil resin, which has been recog- 
nised as perhydro-retene. 

Gallipot resin, from Pinus maritima, contains pimaric acid C20H30O2, 
which is very similar to sylvic acid and passes into the latter when dis- 
tilled in vacuo. It melts at 210®. The latest investigations show that 
pimaric acid consists of three isomerides (B. 19 , 2167). 

Gum lac, obtained from East India fig-trees, constitutes what is 
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known as shellac when fused. This is employed in the preparation of 
sealing-wax and varnishes. 

Amber is a fossil resin, found in peat-bogs. It consists of 
succinic acid, two resin acids, and a volatile oil. After fusion it 
dissolves easily in alcohol and turpentine oil, and serves for the 
preparation of varnishes. 

To the gum resins, occurring mixed with vegetables gums, and gum 
in the juice of plants, belong gamboge, euphorbium, asafoetida, india- 
rubber, and gutta-percha. 

Caoutchouc, india-rubber, because of its wide applicability, is especi- 
ally important. It has been obtained from tropical Euphorbiaceae, 
Apocinaceae, etc. In Brazil it is made from Siphonia elastica, in India 
from Ficus elastica, as well as other varieties of Ficus. Purified 
caoutchouc has the formula (CgHg)*. When distilled it 5delds isoprene 
CgHg (?.v.), which polymerises spontaneously to caoutchouc and also 
to dipentene. 

Caoutchouc is therefore probably a polymeric 1, S-dlmethyl-cyclo- 
octadiene-l, 5 accordance with its unsatu- 

rated nature, it easily absorbs oxygen, halogens, and nitrous-acid gas. 
On prolonged treatment of a benzene solution of rubber with N2O3, 
we obtain yellow crystalline nitrosite (CioHi5N307)2, decomposing at 
i58®-i 62®, the formation of which can be used for the quantitative 
determination of rubber in mixtures. On distillation, india-rubber 
5delds, among hydrocarbons of greater molecular weight, isoprene 
CgHg, which under various conditions, e,g, on simple heating in dosed 
vessels, partly pol3mierises again into rubber (B. 33 , 779 ; 36 , 1937 ; 
A. 383 , 184). 

CHaC— CHg.CHj CH ^ CHg.G— CH : CH, CH, 

II II 'I H + II 

CH.CHj.CHj.CCHg ^ CH. CH, CH C.CH,. 

This last reaction promises to be of great technical importance for 
the artificial production of rubber. 

India-rubber takes up sulphur when it is thoroughly kneaded with 
it, or when it is treated with a mixture of SgClg and CS, (B. 27 , R. 204, 
521, 601, 609, 701, 816 ; 29 , R. 136). 

The product is a vulcanised rubber, which continues elastic within 
a considerable range of temperature. 


Aromatic Hydrocarbons containing several NucleL 

A. Phenyl-benzols and Polyphenyl-fatty Hydrocarbons. 

Just as alkyl groups are joined to one another, or as they are intro 
duced into benzene and its homologues, so the benzene hydrogen 
atoms can be replaced by phenyl-, tolyl-, benzyl-, and other hydro 
carbon residues. The products are : (i) the phenyl-benzols, in which 
the benzene nudei are in immediate union : 

CgHg.C,H, C,Hj.C,H*CH 3 C,H,(CeH,), C,H3(C.HJ, 

Diphenyl Phenyl-tolyl Diphenyl-benxd Triphenyl-benzol. 
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(2) The polyphenyl paraffins, olefins and acetylenes, in which the 
benzene residues are held together by fatty hydrocarbons : 


c,H. 

C,H. 


\CH, 


Diphenyl- 

methane 




Tnphenyl- 

methane 


(C.H.).C 


Tetraphenyl- 

methane 


C,H4.CH, 

c,h..<1h, 

Dibenzyl 


C.Hj.CH 

II 

C,Hs.CH 

Stilbene 


C,H,.C 

III etc. 
C^H^.C 
Tolane. 


In addition to these groups we have : B. The aromatic hydrocarbons 
with condensed nuclei. 


I. Phenyl-benzol Group. 

I. A. Diphenyl Group. — The first, or parent, hydrocarbon of this 
group is diphenyl or phenyl-benzol. 

Diphenyl, phenyl-benzol, biphenyl CeHj.CeHg, melting at 71° and 
boiling at 254°, is present in slight amount in coal-tar. It is formed 
(i) upon conducting benzene vapours through tubes heated to redness 
(Berthelot, Z.f. Ch., 1866, 707 ; B. 9, 547 ; A. 230, 5) ; (2) in the action 
of sodium upon the solution of bromo-benzol in ether or benzene — 
higher condensed hydrocarbons being produced at the same time 
(Fittig, A. 121, 363 ; B. 29, 115) — or, better, from iodo-benzol and 
copper powder by heating to 230° (A. 332, 40) ; (3) from diazo-benzol 
chloride (a) by action of benzene and aluminium chloride, (6) with 
stannous chloride, (c) when alcohol and copper powder act upon diazo- 
benzol sulphate, (d) from the latter salt and warm benzene (B. 23, 1226 ; 
26, 1997). 

If dissolved in glacial acetic acid, and oxidised with chromic 
anhydride, it yields benzoic acid. Metallic sodium reduces diphenyl, 
dissolved in amyl alcohol, to tetrahydro-diphenyl C12H14, boiling at 
245®. The latter readily forms a dibromide, which alcoholic potash 
converts into dibydro-diphenyl C12H12, boiling at 248° (B. 21, 846). 
A dihydro-diphenyl of m.p. 66° has been obtained from phenyl-dihydro- 
resorcin by converting this diketone into the corresponding dihydric 
alcohol, and removing two molecules of water from the latter, by means 
of phosphorus pentoxide (A. 289, 168). Hexahydro-diphenyl, phenyl- 
cyclo-hexane CgHg.QHu, m.p. 7°, b.p. 239°, by synthesis from benzene 
and chloro-cyclo-hexane or cyclo-hexyl chloride with AICI3 (C. 1907, 1. 
1745). Perhydro-diphenyl, dicyclo-hexyl CeHu.CeHn, b.p. 235°, by 
r^uction of diphenyl with hydrogen and nickel under pressure (C. 1907, 
II. 2036), or of cyclo-hexyl-cyclo-hexanol (see below) with HI, and, 
synthetically, from iodo-cyclo-hexane and sodium (B. 40, 70). 

Fluorene (B. 19, R. 672) is formed when methylene chloride and 
aluminium chloride act upon diphenyl. 

Alkylated diphenyls have been obtained : (i) By the action of 
nitrous acid upon the alcoholic solution of their amido-compounds 
(B. 17, 468 ; 21, 1096). (2) From the action of sodium upon the 

brominated alkyl-benzols (B. 4, 396) ; this reaction gives by-products 
in the shape of substances of the diphenyl-methane and dibenzyl series 
(B. 4, 396 ; 32, 1056 ; 83, 334). (3) From iodo-alkyl-benzolene by 
heating with powdered copper (A. 882, 38 ; C. 1910, I. 1974). (4) 

From diphenyl, chloro-alkyl or ethylene, and aluminium chloride 
(B. 20, R. 218). (5) From aromatic diazo-chlorides containing one 
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nucleus. The position of the alkyl groups is determined by oxidation, 
if it has not been made evident by the components : 


m-Phenyl-tolyl, m-methyl^diphenyl 

• 

b.p. 272 ®- 277 ® 

p-Phenyl-tolyl .... 

m.p. -h 3 ‘ 

.. 263*-267* (B. 28 , 1996) 

m-Ethyl-diphenyl 

. 

.. 283® 

o,-Ditolyl 

m.p. 17*8® 

*58“ 

mf-Ditolyl, m, m-dimethyl-diphenyl . 

. • 

„ 286* (B. ii, 1032) 

, m-Ditolyl 

. 

„ 286* 

p,-Dito]yl . • • . . 

m.p. 122® 

295' (A. 332 , 44). 


Hydrated derivatives of the diphenyl series are obtained syntheti- 
cally by the method used in the case of the cyclo-hexenones {q.v.), e.g. 

phenyl-methyl-cyclo-hexenone „ , \cH, m.p. 36®, is 

formed from benzylidene-bis-aceto-acetic ester, and yields, on reduction, 
phenyl-methyl-cyclo-hexanol CeH5.CeH9(CH3)(OH), b.p.^^ 177°, which, 
on splitting off water, forms phenyl-methyl-cyclo-hexene CeHg.CeHg 
(CH3), b.p.i7 129° (A. 303 , 259). See also Phenyl-dihydro-resorcin. 

Cyclo-hexyl-2-cyclo-hexanol CeHu.CeHioOH, m.p. 31°, b.p. 270®. 
by reduction of cyclo-hexalidene-cyclo-hexanone (B. 40 , 70). 

Diphenyl Substitution Products , — Each mono-substitution product 
of diphenyl can exist theoretically in three isomeric forms. Chlorine, 
bromine, the NOj group, and the sulpho-group prefer the p-position 
with reference to the point of union of the two benzene residues, o- and 
o, p-Derivatives are formed together with the p- and p 3-derivatives. 
The p 3-derivatives, having two different substituents — e.g. p-bromo- 
p-nitrcMliphenyl — 3neld both p-bromo- and p-nitro-benzoic acids when 
they are oxidised (see Benzidin). The aminodiphenyls, particularly 
benzidin, or pa-diamido-diphenyl and the diphenyl-sulphonic acids, 
afford, as in the case of the corresponding benzene derivatives, numerous 
derivatives of diphenyl. 

It is interesting to note that Og-di-substitution products are knowm 
in which a bivalent atom, O and S, or a bivalent group, NH, CHj, CO, 
replaces two hydrogen atoms in the ortho-position with reference to 
the point of union of the two benzene nuclei. 

The principal representatives of such diphenylene compounds are : 


C,H,. 

C,H.. 

C,H, 

(i:» 

/C.H4. 

Diphenylene 

Diphenylene 

Carbazol 

Fluorene 

Fluorenone. 

oxide 

sulphide 





The first three will be treated in connection with the heterocyclic 
derivatives after furfurane, thiophene, and pyrrol, from which they can 
also be derived. They are formed by pyro-reactions from phenyl ether, 
phenyl sulphide, and diphenyl-amine. 

Halogen Diphenyls. — 0- and p-Chloro-diphenyl melt at 34® and boil 
at 267®, and at 75® and 282®, respectively. 0- and p-Bromo^iphenyls, 
liquid, b.p. 310®. p-Iodo-dlphenyl,m.p. in®. Pj-Difluoro-, Pj-dichloro-, 
Ps-dibromo-, and P 3 -dl-lodo-dlphenyl, m.p. 87®, 148®, 164®, and 202® 
respectively (A. 207 , 333 ; B. 30 , 2800). 

Oi-DModo-diphenyl, m.p. 108®, with chlorine yields diphenyl- 
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dModUe tetraehlorlde Cl2lCjH4.CeH4lCl„ m.p. i3o®-i35®, from which 
Og-di-iodoso- and Og-di-iodo-phenyl are obtained. The latter, by the 
action of potassium iodide, passes into diphenylene-iodonium iodide 
C,H4. 

I > 1 . 1 , m.p. 2II®, also formed, besides Og-di-iodo-diphenyl, from 

C4H4 

the tetrazo-compound of Og-diamido-diphenyl, and is transposed on 
heating into the isomeric Og-di-iodo-diphenyl (C. 1909, I. 374). On 
derivatives of pg-di-iodo-diphenyl wiA multivalent iodine, see B. 
42, 3826. 

Perchloro-diphenyl CuCljo does not melt at 270®. It is often pro- 
duced in exhaustive chlorinations (B. 16, 2881). 

Nitro-diphenyls . — The nitration of diphenyl gives rise to o- and p- 
nitro- as well as to Pg- and o, p-dinitro-diphenyls. 

Symmetrical di- and poly-nitro-diphenyls can be easily prepared 
from o- and p-halogen-nitro-benzols and from m-iodo-nitro-benzols by 
heating with copper powder (B. 34 , 2174). They are also obtained by 
the decomposition of diazonium salts of nitranilines by means of 
cuprous chloride or ammoniacad oxide solutions (B. 34 , 3802 ; 38 , 725 ; 
A. 820 , 123). 

Og- and mg-Dinitro-diphenyls are obtained from benzidin (B. 
20, 1028). 

0-, m-, and p-Nitro-diphenyl, m.p. 37®, 58®, and 113®. 

Og-, mg-, Pg-, and 0, p-Dinitro-diphenyls melt at 124®, 197®, 233®, 

93®. Pg- and 0, p-Dinitro-diphenyl have also been obtained from 
sodium iso^iazo-nitro-benzene and nitro-benzene (B. 29 , 165). 

Og, Pg-, and mg, Pg-Tetranitro-dlphenyl, m.p. 163° and 186® respec- 
tively, from I, 2, 4-rhloro-dinitro- and i, 3, 4-iodo-dinitro-benzol 
respectively with Cu dust. 

O29 Og, Pg-Hexanitro-dlphenyl, m.p. 238®, from picryl chloride with 
Cu dust. 

p-Bromo-p-nitro-diphenyl, m.p. 173® (A. 174, 218). 

Pg-Dichloro-Og-dlnitro-dipheny], m.p. 136°, from 2, 5-dichloro-nitro- 
benzol or 4, 2-chloro-nitraniline. 

The Og-dinitro-diphenyls are reduced by Na amalgam in alcohol, by 
sodium sulphide and stannous chloride in HCl, or by electrolysis, in 
such a manner that cyclic azoxy-compounds, phenazone oxides, and 
further cyclic azo-compounds, phenazones, are formed (B. 37 , 23). 
These compounds are dealt with in detail in connection with ortho- 
diazins (see Hetero-cyclic Compounds, Vol. III.) : 

C,H4— NO, C4H4~-N\ C4H4— n 

C.H4— NO, ^ C4H4— C4H4— N* 

Amido-diphenyls and amido-ditolyls can be prepared by the reduc- 
tion of the corresponding nitro-compounds. The formation of pg- 
diamido-diphenyl by the rearrangement of its isomeride hydrazo- 
benzol is of ^eat technical importance, because pg-diamido-diphenyl 
or benzidin is a basic substance for the preparation of substantive 
cotton dyes— dyes which unite directly with the cotton fibre without 
the aid of mordants. 

o-Amido-diphenyl, melting at 45®, is also obtained from o-phenyl- 
benzamide by means of bromine and caustic soda (A. 279, 266 ; B. 
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1974) . When conducted over heated lime it forms carhazol . m- Amido- 
diphenyl, m.p. 30° (B. 87 , 882). p-Amido-diphenyl, xenylamine, melts 
at 51® and boils at 322® (A. 260 , 233). p^-Nitro-amldo-diphenyl, from 
Pa-dinitro-diphenyl, melts at 98®. 

Oa-Diamldo-diphenyl, m.p. 81®, and ma-diamidoHllphenyl have been 
obtained by reducing Oj- and ma-dinitro-diphenyl. When Oj-diamido- 
diphenyl is heated with concentrated sulphuric acid, it 5delds carhazol. 
Its tetrazo-chloride is changed by potassium sulphydrate to carhazol, 
and when its aqueous solution is heated, diphenylene oxide is produced 
(B. 26 , 1703). The reduction of the tetrazo-compound of o^-diamido- 
. . C,H,[2]NHNH, 

diphenyl gives nse to dlphenylene-Oa-dlhydrazin ^ ^ ^ nhnh ' 

no® (B. 29 , 2270). When heated with hydrochloric^ acid at 150®, it 
breaks down easily into ammonium chloride and an Oa-azo-diphenylene, 
the so-called phenazone. 

Benzidin, p^-diamido-diphenyl, m.p. 122® (Zinin, 1845), is obtained 
by the reduction of Pg-dinitro^iphenyl and P2-nitro-amido-diphenyl. 
It is commercially prepared by the reduction of azo-benzol in acid 
solution ; the hydrazo-bcnzol, formed at first, rearranges itself to 
benzidin and diphenylin or o, p-diamido-diphenyl. This is a remarkable 
reaction, to which attention has already been called in connection with 
liydrazo-benzol (A. 207 , 330). 

The great insolubility of the sulphate in water affords a means of 
separating benzidin from diphenylin. When treated with concen- 
trated sulphuric acid and nitric acid, one or two NO2 groups enter in 
the m-position with reference to the amido-groups of benzidin. The 
products are o-nitro-pg-diamido-diphenyl and 02-dinitro-p2-diamido- 
diphenyl (B. 23 , 794). mg-Dinitro-pg-diacetamidcMiiphenyl results on 
nitrating diaceto-benzidiu. By chlorine and bromine the four H atoms 
are replaced in the o-position towards the amido-groups (A. 363 , 332). 
By oxidation with lead peroxide in indifferent solvents, benzidin first 
forms the unstable pp'-dipheno-quinone di-imines, and then the pp'- 
diamido-azo-diphenyls (cp. the analogous transformation of o-phenyl- 
ene-diamine into Oj-diami do-azo-benzol) (B. 39 , 3474). 

Benzidin is, on the other hand, oxidised in acid solution by perman- 
ganate, ferric chloride, potassium ferricyanide, or chromic acid, etc., to 
a blue dye, probably belonging to the quino-hydrones, and built up in 
a manner analogous to the Wurster salts (A. 363 , 324 ; B. 41 , 3248). 

Constitution. — The p-position of the two amido-groups of benzidin 
(i) is evident from the oxidation of pg-bromo-nitro-diphenyl to p-bromo- 
and p-nitro-benzoic acids (5, 6), because benzidin (i) is formed from 
Pj-dinitro-diphenyl (2), which may be rearranged to pg-amido-nitro- 
diphenyl (3) and p,-bromo-nitro^iphenyl (4) (Gustav Schultz, A. 
174 , 227) : 

(i) (2) (3) (4) C«H,[4]N0, 

C,H,[4]NH, C,H,[4]N0, C,H,[4]N0, CeH.UJNO, ( CoM 

C,H,[4]NH, C.H,[4]N0. C.H,[4]NH. C.H,[4]Br “ I CO.H 

'-"C.H.[4]Br 

The constitution of benzidin forms the basis for one of the proofs 
of the constitution of diphenic acid ; also for that of phenanthrene 
isomeric with anthracene. 
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Benzidln sulphate consists of small scales with a silvery lustre ; 
preparation, B. 26 , R. 321. Concentrated sulphuric acid converts it 

into benzidin-sulphone (B. 22, 2467). Diaoeto-benzldin, 

m.p. 317°. Thionyl-benzidin (CeH4.N : SO)* (B. 24 , 753). Dl-(o-nitro- 
beiizyl-)benzidin, m.p. 227° with decomposition (B. 29 , 1450). 

Os-o's-Tetrachloro- and tetrabromo-benzidin, m.p. 227"" and 288''. 

o->Nitro-P2-diamido-diphenyl, m-nitro-benzidin, melts at 143® (B. 23 , 
796) ; see Benzidin. 

NN-Dimethyl-benzidin CHaNHCeH^.CgH^NHCH*, m.p. 75®, see 
B. 37 , 3771. On its behaviour towards oxidising agents, see B. 41 , 3250. 

Tetramethyl-benzldin (CH3)*NCeH4.CeH4N(CH3)2, m.p. 197°, from 
dimethyl-aniline by oxidation with concentrated sulphuric acid at 
i90‘^>200° (B. 37 , 29). HNi-Diphenyl-benzidin CeH5NHCeH4.CeH4 
NHC4H5, m.p. 242°, is formed by the action of fuming sulphuric acid 
upon diphenyl-amine (B. 38 , 3575). 

Oa-Dinitro-Pa-diamido-diphenyl, m-dinitro-henzidin, melts at 214® 
(B. 23 , 795). Og-Dinitro-tetramethyl- and tetra-ethyl-benzidin, red 
needles, m.p. 229® and 132® (B. 37 , 29, 34). 

82-Dinitro-42-diaceto-diamido-diphenyl melts above 300®, and is 
converted by caustic potash into 32-*dinitro-42-diainido-diph6nyl, 
o-dinifro-benzidin, m.p. 220® (B. 5 , 237 ; 20 , 1024). 62-Dinitro-22- 
diamido-diphenyl (B. 25 , 128). 

0, p -Diamido-diphenyl, diphenylin, melts at 45® and boils at 362®. 
Preparation, see Benzidin (A. 207 ^ 348 ; B. 22 , 3011). 0, P2-Trlamldo- 

diphenyl, m-amido-benzidin (B. 23 , 797). o*, Pg-Tetramldo-dlphenyl, 
m^-diamido-benzidin, melting at 165®, is obtained from 02-dinitro-p2- 
diamido-diphen}’! (see Benzidin), and by loss of ammonia becomes 
p 2-diamido-carbazol . 

Di-p-phenylene-diamlne (NH2)2[2, SKNH*)*, melting 

at 168°, is converted by hydrochloric acid at 180® into Sg-diamido- 
carbazol (B. 25 , 131). 

Diamido-dixenylamine NH(CeH4.CeH4.NH2)2. m.p. 221®, is obtained 
by heating benzidin with benzidin chloride (/. pr. Ch. 2, 61 , 103). 

Benzidin Homologues.— Pg-Diamido-phenyl-m-tolyl, o-methyl-benzi- 
diii H2N.C4H4.C4H3(CH3).NH2, is formed upon reducing a mixture of 
nitro-benzol and o-nitro-toluol. It melts at 90° (B. 23 , 3222). 

O-Tolidin, p^-diamido-m^-dimethyl-diphenyl, from o-hydrazo-toluol, 
melts at 128® (B. 20 , 2017 ; 23 , 3252 ; A. 352 , iii). 

m-Tolidin, p2-diafnido-02-difnethyl-diphenyl, from m-hydrazo-toluol, 
melts at 109®. Isomeric ditolylin (B. 23 , 3252) is produced at the 
same time. 

o- and m-Hydrazo-toluols suffer under the influence of acids the 
benzidin rearrangement. p-Hydrazo-toluol, under like conditions, 
follows the semidin rearrangement. 

p*-Diamldo-m*-dlethyl-dipbenyI, from o-nitro-ethyl-benzol (/. pr. 
Ch. 2, 66, 153). 

Diazo-amido- and Azo-compounds of Diphenyl. — The diphenyl- 
tetrazo-chloride, formed by diazotation of benzidin in hydrochloric 
solution, unites with two molecules aniline to form : 

Diphenyl - bis - diazo - amido - benzol CgH^NH.N : NCeH4.C4H^N : 
NNCgH,, reddish-yellow crystals, m.p. 180®, also obtained from benzidin 
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and diazobenzol chloride. On heating with aniline and its chloro 
hydrate it transposes into the isomeric dlphenyl-dlazoalmido-benzol 
NHjjCeH^N : NCeH4.CeH4N : NCeH4NH„ m.p. 159° (C. 1906, L 1254). 

pp'-DIamido-azo-biphenyl NHj[4]CeH4.CeH4N : NCeH4.CeH4[4]NH2, 
m.p. 287®, is formed by oxidising benzidin with PbOg, and from pp'- 
amido-nitro-diphenyl by reduction with zinc dust and NaOH, and 
oxidation of the resultant hydrazo-compound (B. 39 , 3479). 

Benzidin Dyes. — Benzidin yields azo-dyes, transposition products of 
the diazo-chloride from benzidin and amido-sulphonic acids, phenol- 
carboxylic acids, and phenol-sulphonic acids, which unite directly with 
cotton fibre (Griess, B. 22 , 2469). These dyes are obtained as sodium 
salts, which are prepared by adding the aqueous solution of the tetrazo- 
chloride to the aqueous solution of two molecules of the sodium salt 
of the other component. 

Sodium acetate, sodium carbonate, or ammonia is added to the 
solution of the sodium salt to neutralise the hydrochloric acid which 
is liberated : 

C,H4N,.C1 C,H4(OH)CO,Na C.H4N : N.C,H,(OH).CO,Na 

1 + +CO,Na.-| +2NaCl+C0,+H,0. 

C,H4N,.C1 C,H4(0H)C0,Na C4H4N : N.C,H,(OH) CO,Na 

The diphenyl-tetrazo-chloride, which can also be readily formed 
in the solid state, reacts more readily with one of its diazo-groups than 
it does with the other (cp, B. 30 , 2800 ; 31 , 482). 

The sodium salts of two different components can thus be, step by 
step, brought into reaction with the tetrazo-chloride, and mixed tetrazo- 
dyes (B. 19 , 1697, 1755 ; 20 , R. 273 ; 21 , R. 71) result. 

Representatives of the class of benzidin dyes are : 

C,H4.N : N.C,Hs(OH).CO,Na 

Chrysamine, flavo-phenin 1 , which is made 

C,H4.N : N.C,H3(OH).CO,Na 

from diphenyl-tetrazo-chloride and sodium salicylate (equation above) 
(B. 22 , 2459). 

CeH^.N : N.C,H 3 (NH,).S 03 Na 

Congo yellow I is obtained from diphenvl- 

C,H4.N : N.C,H4.0H 

tetrazo-chloride, phenol, and sulphanilic acid. 

The preceding dyes colour cotton fibre yellow. 

The first red dye brought into commerce was Congo red, which is 
formed from the interaction of diphenyl-tetrazo-chloride and sodium 
naphthionate. It will be brought forward again under the naphthalene 
azo-dyes. The j8-naphthyl-amine-sulphonic acids are particularly valu- 
able in the preparatibn of substantive dyes. 

Substantive dyes, similar to those from benzidin, have been obtained 
from pg-amido-methyl-diphenyl, o-methyl-benzidin, 0- and m-tolidins, 
dianisidin, thio-benzidin, thio-tolidin (B. 20 , R. 272), pj-^iiamido-benzo- 
phenone, p ^•diamido^stilbene (B. 21 , R. 383). 

It may be said that, as a rule, those substituted benzidins (nitro- and 
sulpho-benzidins, tolidins, etc.) having the substituent in the meta- 
position (relative to the amido-group) yield inactive or feeble substantive 
azo-dyes. Diamido-diphenylene oxide, benzidin sulphone, and diamido- 
carbazol constitute exceptions. They contain a third ring-shaped chain 
(B. 23 , 3252, 3268 ; 24 , 1958). 

It is interesting to observe that benzidin hydrochloride itself unites 
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with cotton. It mordants the cotton. Hence it is possible to produce 
the colouring matter upon the fibre (B. 19 , 2014). 

The ** one-sided dtazotising '' of benzidin is attained through the 
action of a p-tetrazo-diphenyl salt upon the aqueous solution of a 
benzidin salt (B. 27, 2627) ; compare mirations of the diazo-group. 
When the bis-diazo-compound of benzidin is allowed to act upon 
aceto-acetic ester there result, with one molecule of the ester, cyclo- 

formazyl-carboxylic ester cooc^HjC; I , a reddish-brown 

^N:N— CeH^ 

powder, fusing with difficulty (see Formazyl-carboxylic acid) ; and, 
with two molecules of the ester, bls-acetyl-glyoxylic ester-phenyl- 
hydrazone [CH3C0C(C02C2H5) : NNHCeH4— Jg, yellow needles, melting 
at 198® (A. 295, 332 ; cp. C. 1899, I. 563). Similar compounds with 
malonic and cyano-acetic ester, see C. 1902, I. 721, 1205. 

p-Hydrazlno-dlphenyl CeH5.CeH4MNH.NH2 (B. 27, 3105). P 2 -I> 1 - 
bydrazino-diphenyl (CeH 4 .NHNH 2 ) 2 , m.p. 167 ° with decomposition, 
fields, with formaldehyde, a characteristic hydrazone (B. 82, 1961 ) ; 
see also Diphenylene- 02 -dihydrazin. 

Biphenyl-sulphonlc Acids. — On digesting biphenyl with sulphuric 
acid &e firet product is biphenyl-p-sulphonic acid (its chloride melting 
at 115®, and its amide at 229®), and, later, biphenyl-P2-disulphonic acid, 
melting at 72®, and its chloride at 203® (B. 13 , 288). When potassium- 
biphenyl-p-sulphonate is heated it changes to biphenyl and potassium- 
biphenyl-pj-disulphonate. 

Biphenyl- 02 -disulphoiiic acid is obtained from benzidin- 02 -di- 
sulphonic acid (A. 261, 310). 

C,H4[2]NH 

Biphenylene sultame ! I , m.p. 196®, in colourless crystals of 
C4H4r2]SO, 

strongly acid character. Formed from the diazo-compound of 
o-amido-benzol sulphanilide on heating in acid solution (B. 43 , 2694). 

Benzidin-sulphonic Acids. — 42-Dia^do-biphenyl-22‘-disulphonic acid 
is formed from m-hydrazo-benzol-sulphonic acid (A. 261, 310 ; 268, 
130 I 7- Ch. 2, 68, 558), and, when fused with caustic potash, yields 
42 -diamido-diphenylene oxide. 

42 -Diamido-bIphenyl- 82 -dlsalphonic acid is produced on heating 
benzidin with ordinary sulphuric acid to 210® (B. 22, 2466 ; 89, 3341). 

o-Tolidin-disolpho^e acid, 42-iiaw*ic^-52-im^j/Ay/-6ip/?ewy-22-5isi*i- 
phonic acid (A. 270 , 359). 

42-Diliydrazino-biphenyl-22-disulpbonic acid (w-s^A).- 
261, 323. 

Oxy-biphenyh are obtained from the biphenyl derivatives by 
methods similar to those by which the phenols themselves are prepared 
from the benzene derivatives, and also in the oxidation of phenols con- 
taining a single nucleus, when they are fused with caustic potash 
(B. 27 , 2107). 

Monoxy-biphenyls. — p-Oxy-biphenyl C,H,.C,H4[4]OH, m.p. 165* 
and b.p. 306^ is obtained from diazo-benzol chloride and phenol 
(B. 28 , 3708). 

Dioxy-biphmyls. — o,-Dlozy-bipheDyl, o^-biphenol, m.p. 109®, b.p. 
326 ®, from bipbenyl-o,-disulphonic acid (A. 261 , 332) and from 
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diphenylene oxide (coal-tar) by fusing with potash (B. 84 , 1662). 
By fusing with zinc chloride it reverts clearly into diphenylene oxide. 
Its dimethyl ether, m.p. 155®, b.p. 308®, is also formed from o-iodanisol 
with sodium or copper dust. Ethylene bromide gives an ethylene 
ether, m.p. 98® (B. 35 , 302). 

m-Biphenol, m.p. I23®-I25®, is obtained from o^dianisidin and 
mg-diamido-triphenyl (B. 27 , 2107). P 2 -Biphenol, m.p. 272®, is pre- 
pared from benzidin, biphenyl-pj-^sulphonic acid, and from phenol 
by the action of KMn04 (B. 25, R. 335). 0 , p-Biphenol, from diphenylin, 
melts at 160®. 2, 5-Dioxy-diphenyl, phenyl-benzo-hydroquinone 

(H0)2[2, sJ.CeHgCgHg, m.p. 97°, is formed by reduction of phenyl- 
benzo-quinone (see below) ; and m2m'2-tetramethyl-P2-dioxy-diphenol 
0H[4](CH3)2[3, 3']CeH2.C«H2[3, 3'](CH3)2[4]OH, m.p. 221®, from 
tetramethyl-dipheno-quinone (see below). 

Tetra-oxy-biphenyls.^BlpyT0~C2Ltecldn (HO)2C3H3.C2H3(OH)2, m.p. 
84®, biresorcin, melting at 310°, and bihydroquinone, m.p. 237®, result 
when the three dioxy-benzols are fused with sodium hydroxide (B. 
11 , 1336 ; 12 , 503 ; 18 , R. 23). 

Hexa-oxy-biphenyls.—HexBrOxy-^hlpliBnyl (HO)3CeH2.CeH2(OH)3 is 
formed from pyrogallol in baryta solution by oxidation in air (B. 35 , 
2954). An isomeric hexa-oxy-biphenyl has been obtained from its 
tetramethyl ether, hydro-coeruiignone CjeHigOe, m.p. 190®, by heating 
with concentrated HCl (B. 11, 797). 3, 4, 5, 3', 4', 5'-hexamethoxy- 
biphenyi, m.p. 126®, and 2, 3, 4, 2', 3', 4'-hexamethoxy-biphenyl, m.p. 
123®, is obtained from 5- and 4-iodo-pyrogallol-trimethyl ether with 
copper dust (A. 340 , 230). 

Amido-oxy-biphenyls are obtained from oxy-biphenyls (B. 22 , 335) 
and from the alkyl ethers of oxy-azo-derivatives, having free p-positions, 
by the benzidin rearrangement (B. 23 , 3256). In the coal-tar industry* 
o-dianisidin or 42-diamido-32-dimethoxy-biphenyl and ethoxy-benzidin, 
from o-nitro-anisol, are of great value. They yield violet, blue, and 
black substantive cotton dyes with amido-naphthalene-sulphonic 
acid, naphthol-sulphonic acid, and amido-naphthol-sulphonic acids : 
azo-violet, benzjzurin, diamine black, etc. (B. 22 , R. 372 ; 24 , R. 55, 
56, etc.). 

2 , 5-Amido-oxy-diphenyl CeH5.CeH3[2, 5](OH)(NH2), m.p. 199®, is 
obtained by reduction of 2, 5-nitroso-oxy-diphenyl C3H5.C3H3[2, 5] 
(OH) (NO), generated by the action of diazo-benzol chloride upon 
p-nitroso-phenate of sodium. The latter, on oxidation, passes into 
2, 5 -nitro-oxy-dlphenyl, m.p. 126®, also obtained synthetically from 
benzyl-methyl-ketone C3H3CH2COCH3 and nitro-malonic aldehyde 
N02CH(CH0)2 (C. 1905, I. 505). 

Quinones of the Diphenyl Series . — Phenyl-benzo-quinone C 3 H 3 . 
C3H3O2, m.p. 114®, has been obtained by the oxidation of 2, 5-amido- 
oxy-diphenyl, or of o-amido-diphenyl with MnOj and sulphuric acid. 
With sulphurous acid it gives a stable quinhydrone, also formed by 
oxidation in air from the 2, 5-dioxy-diphenyl produced with stronger 
reducing agents (A. 812 , 211 ; B. 87 , 878). 

Special interest attaches to a number of quinone compounds of 
diphenyl, in which the two quinone oxygen atoms belong to different 
benzene rings. Regarding the quinones as carbonyl compounds, the 
following three fundamental forms of these so-called bi-nuclear 
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quinones are possible, and may be distinguished as pp'-, op'-, and 
oo'-dipheno-quinones : 


o./CH=CHv . c/<^H=CHs_ 


CH 


/CH-CO\y, . ^/CH=CH 
\CH=CH/^ * \CH=CH 


^CO 


rw CH-CO 



Of these, only the pp'-dipheno-quinone could hitherto be prepared 
in the free state, but nitrogenated derivatives (quinone chlorimines) of 
the other two forms are known (A. 868» 271). 

pp'-Dipheno-quinone 0 : : CeHs : O, decomposing at 165®, is 

formed by the oxidation of p-diphenol with silver oxide or lead per- 
oxide in benzene. It crystallises in two modifications, hard spears 
resembling chromic acid, and fine, soft needles. In its oxidising action 
it resembles p-benzo-quinone, but in contrast with this it is odourless 
and not volatile. It can be reduced to p-diphenol, with which it 
unites in molecular ratio to form dipheno-quin-hydrone, dark-green 
needles decomposing at 180® (B. 88, 1232). 

m2, m'2-Tetramethyl-p, p'-dipheno-quinone O : CeH2(CH3)2 : 
(€113)2 : O, m.p. about 210®, red needles, formed by the oxidation of 
vic-m-xylenol with chromic acid. It yields, on reduction, tetramethyl- 
dioxy-biphenyl, with which it forms a quin-hy drone, m.p. 201®, steel- 
blue flakes (B. 88, 226). 

Tetrachloro- and tetrabromo-pp -dlpheno-quinone have been ob- 
tained by the oxidation of the corresponding p-diphenol derivatives 
with furning HNO3 in glacial acetic acid. They form infusible deep- 
red crj'stals with blue surface colour, which revert to the original 
substances under the action of sulphurous acid (B. 13, 224). 

Ckerulignone or eedriret must be regarded as a tetramethoxy-pp'- 
dipheno-q uinone. 

It separates as a violet powder when crude wood-spirit is purified 
on a large scale by means of potassium chromate. It is further formed 
on oxidising dimethyl-pyrogallol from beech-wood tar with potassium 
chromate or ferric chloride : 




Coerulignone is insoluble in the ordinary solvents, and is precipi- 
tated in fine, steel-blue needles, from its phenol solution, by alcohol or 
ether. It dissolves in concentrated sulphuric acid with a beautiful 
blue colour. Large quantities of water colour the solution red at first. 
Reducing agents (tin and hydrochloric acid) convert coerulignone into 
colourless hydro-coerulignone, which changes again to the first by 
oxidation. Coerulignone is, therefore, a quinone body, and may be 
called a binuclear quinone. 

It unites with primary aromatic amines, forming blue dyes. It is 
very probable that in doing this two methoxyl groups are replaced by 
amino-residues (B. 80, 235). 

On the action of alcoholic HCl upon coerulignone, see B. 81, 615 ; 
cp. also A. 868 , 276. 

A derivative of pp'-dipheno-quinone is probably also the so-called 
tribromo^eso-quinone, m.p. 214°, obtained from pentabromo-resorcin 
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by heating, or by treatment with silver nitrate solution, with elimina- 
tion of two bromine atoms (B. 42 , 2814). 

Aldehydes and Ketones of the Diphenyl Series. — o-Phenyl-benzalde- 
hyde C0H5.CeH4[2]CHO, b.p.^i 184®, is formed by the distillation of 
caJcium-o-phenyl-benzoate with calcium formate. p-Phenyl-benzalde- 
hyde, m.p. 57°, b.p. 184®, has been obtained from diphenyUglyoxylic 
acid C4H5C4H4CO.COOH, m.p. 170®, whose ester is obtained by the 
condensation of diphenyl and ethoxalyl chloride by means of AICI3 
(C. 1897, II. 799 ; 1899, I. 424). 4, 4'-Diphenyl-dialdehyde CHO[4] 
CeH4.CeH4[4]CHO, m.p. 145® ; its dianile is formed by heating p-iodo- 
benzylidene-aniline with copper dust (A. 332 , 76). 

m-Phenyl-acto-phenone C4H4.C4H4[3]COCH3, m.p. 121®, from 
diphenyl, acetyl chloride, and AICI3 (/. pr. Ch. 2, 81 , 394). Nitro- 
phenyl-benzaldehyde NO2C4H4.C3H4CHO and nitro-phenyl-aceto- 
phenone NO2C4H4.C3H4COCH3 are formed from sodium iso-diazo- 
nitro-benzate, with benzaldehyde and aceto-phenone respectively, in 
the presence of acetyl chloride (B. 28 , 525). 00 -Diacetyl-diphenyl 
CH3C0[2]C3H4.C3H4[2]C0CH3, m.p. 84®, see A. 363 , 305. 

Biphenyl-carboxylic acids are obtained from diphenyl derivatives 
by reactions similar to those by which the benzene-carboxylic acids are 
prepared from the derivatives of benzene. 

BiphenyUmonocarhoxylic Acids. — ^There are three possible acids : 
o-Phenyl-benzoic acid C4H5.C4H4[2]C02H, melting at iii®, is produced 
by fusing diphenylene-ketone with caustic potash (A. 166 , 374) ; by 
the distillation of sodium salicylate with triphenyl-phosphate (/. pr. 
Ch. 2, 28 , 305) ; and from o-amido- and o-methyl-diphenyl. If the 
acid be treated with PCI5, or if it be heated with sulphuric acid to 
100®, or with lime to more elevated temperatures, diphenylene-ketone 
will be formed (A. 266 , 142 ; 279 , 259). 

0 -Phenyl-hexamethylene- carboxylic acid C4H5[i]C3Hio[2]COOH, 
m.p. 150°, is synthesised from phenyl-pentamethylene dibromide with 
sodium-malonic ester, etc. (B. 35 , 2122). 

m-Phenyl-benzoic acid, melting at 160®, results from the oxidation 
of m-methy 1-biphenyl, of iso-diphenyl-benzol, and in the reduction of 
bromo-m-phenyl-benzoic acid (B. 27 , 3390). 

p-Phenyl-benzoic acid, melting at 218®, is obtained from p-methyl- 
biphenyl, from p-diphenyl-benzol, from sodium biphenyl-sulphonate 
(A. 282 , 143), from p-amido-diphenyl, and by fusing benzoic acid with 
caustic potash. It is reduced to p-phenyl~hexahydro-benzoic acid 
C4H4C4Hio[ 4]C02H, in two modifications melting at 202® and 113® 
respectively (A. 282 , 139). Pa-Nitro-phenyl-benzoic acid, melting at 
222®-225®, results from the oxidation of pg-nitro-phenyl-tolyl. It yields 
the corresponding amido-acid (B. 29 , 166) on reduction. 

Biphenyl-m-acetic acid C4H3.C4H4[3]CH2COOH, m.p. 153®, from 
m-phenyl-aceto-phenone (see above), by heating with yellow ammonium 
sulphide. 

Oxy - biphenyl - carboxylic A cids. — The following acids are all 
derivatives of o-phenyl-benzoic-acid : — 

6-Phenyl-salicylio acid CeH5[6]C4H3[2](0H)C02H, melting at 159®, 
results upon fusing 3-oxy -diphenylene-ketone and potassium hydroxide 
(B. 28 , 112). 

2-Phenyl-m-oxy-benzoio acid CeH5[2]CeH3[3]0H.C03H, melting at 
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154®, is obtained as the principal product in the fusion of 6-oxy- 
diphenylene-ketone with potassium hyidroxide (A. 284 , 307). 

o-Oxy-phenyl-(Hbenzoio acid is only known in the form of its 

C.H4[2]C0 

lactone, biphenyl-methylolid I I , melting at 92-5®, which is 

^•N4[2]0 

formed as a by-product on fusing 6-oxy-diphenylene-ketone or o-oxy- 
fluorenone with caustic potash, in smdl quantities by the action of 
POCI5 upon sodium salicylate, and when phenol acts upon the sulphate 
of o-diazo-benzene (A. 284 , 316). It corresponds in composition to 
C,H.[ 2 ]C 0 

phenanthridone J | , melting at 293® (see this), which is pro- 

C4H4[2]NH 

duced when bromine and caustic potash act upon diphenamic acid 
(A. 276, 245). 

p-Oxy-phenyl-o-benzolo acid H0[4]CeH4[i]CeH4[2]C02H, melting 
at 206®, is produced, together with biphenyl-methylolid and phenyl- 
ether-salicyUc acid, by the action of phenol upon the sulphate of 
o-diazo- benzoic acid (A. 286 , 323). 

Biphenyl-dicarboxylic acids contain the two CO2H ^oups, either 
linked to the same or to different benzene residues. Diphenic acid is 
the most important biphenyl-dicarboxylic acid. 

Phenyl-iso-phtbaiic acid C4H5CeH,[3, 5](COOH)2 melts above 310®, 
and is formed on boiling benzaldehyde and pyro-racemic acid with 
baryta water (B. 24 , 1750). 

Diphenic acid, o^-hiphenyUdicarhoxylic acid C02H[2]CeH4.CeH4[2] 
COjH melts at 229°. 

It is formed from diazo-anthranilic acid by the action of ammoniacal 
cuprous oxide solution (A. 320 , 123). Its dimethyl ester, m.p. 74®, 
forms on heating o-iodo-benzoic ester with copper (A. 332 , 70). 

It is produced in the oxidation of phenanthraquinone with a 
chromic acid mixture, or by boiling it with alcoholic potash. The 
constitution of phenanthrene follows from it. That of diphenic 
acid (2) is evident from its oxidation to o-phthalic acid (i) (Anschutz 
and Japp, B. 11, 211) by potassium permanganate, and its formation 
by the deamidation of pj-diamido-diphenyl-Oj-dicarboxylic acid (3), 
which is obtained on the one hand from p^-dinitro-diphenic acid 

(4) , and on the other by the rearrangement of m-hydrazo-benzoic acid 

(5) (G. Schultz, A. 204 , 95) : 


C,H4C2]C0gH 


C.H4[*}CH 

CALdCH” 


C,H4[2]C0,H 

‘C.H4[a]CO,H" 

C,H4WC0_ 

'c4H4Ca}io 






if 4 lNH. 

I [ijeOjH 


i( 7 ) 

C,H.[ 4 ]NH. 

i,H 4 [ 43 NH, 


( 5 ) 

NH[3]C,H4C0,H 


NH[3]C,H4C0,H 

}CH. 

1 [JInh, 


In this circle of reactions there should also be included the formation 
of p,- Hi ni trn-diphenic acid by the oxidation of p,-dinitro-phenanthra- 
quinone (6) and the transposition of diamido-diphenic acid to benzidin 

S r), the constitution of which was previously deduced, and to p,- 
iamido-fluorene (8). 
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Concentrated sulphuric acid changes diphenic acid to diphenylene- 
ketone-carboxylic acid. When it is digested with acetyl chloride or 

C,H 4 .C 0 . 

acetic anhydride it yields dlphenie anhydride I ^O, melting at 

213® (A. 226 , i). This is a remarkable compound, inasmuch as it can 
be viewed as adipinic anhydride and contains a ** seven-membered 

C«H4.C0C1 

ring. Diphenic chloride melting at 93®, is reduced in 

ethereal solution by zinc and hydrochloric acid to phenanthrene-hydro- 
CeH4.C(OH) CeH4.CO.NH* 

quinone I II (A. 247 , 268). Diphenamic acid I 

C^H^.C{OH) ' CeH4.CO.OH 

melting at 193®, is converted by a hypobromite or hypochlorite, in 
alkaline solution, into plienanthridone (A. 276 , 248). Diphenimide 

CeH4.CO, 

1 ^NH, melts at 219® (A. 247 , 271). 

CeH4.CO^ 

0-, m-, and p-Nitro-diphenic acid, m.p. 248®-25o® with decomposition, 
268°, and 2I4®-2 i 6'' respectively, Oj- and P2-dinitro-diphenic acid, m.p. 
303® with decomposition, and 253® respectively, are formed from the 
nitro- and dinitro-phenanthrene-quinones by oxidation with chromic 
acid mixture ; in the 02“ and pa-dinitro-acid the anhydride formation 
is more difficult (B. 36 , 3730, 3738). The ester of the pg-acid is also 
obtained from two molecules of 2-bromo-5-nitro-benzoic ester, by 
heating with copper dust. In the same manner, 02-dinitro-biphenyl- 
P2-dicarboxylic ester is obtained from 4 -bromo- 3 -nitro-benzoic ester 
(B. 34 , 2682). By reduction, the nitrated diphenic acids yield amido- 
and diamido-diphenic acids, from which amido-oxy- and dioxy- 
diphenic acids are obtained (B. 38 , 3769). 

Hexa-oxy-biphenyI-02-dicarboxyIic acid. The formula of a dilactone 

of this acid ° 0 [ 6 ]§H[t 5](OH)|[2]CO Probably applies to eUagic acid 
{q.v.), the oxidation product of gallic acid (B. 36 , 212). 

Iso-diphenic acid (o, m') C02H[3]CeH4.CeH4[2]r02H, melting at 
216°, is produced when diphenylene-ketone-carboxylic acid is fused 
with caustic potash. 

0, p'-Biphenyl-dicarboxylic acid C02H[4]C4H4.C4H4[2]C02H, melting 
at 251®, is obtained from diphenylin (B. 22 , 3019). 

m2-Biphenyl-dicarboxylic acid, m.p. 357° ; its dimethyl ester, m.p. 
104°, has been obtained by heating m-iodo-benzoic ester with copper 
dust (A. 332 , 71). 

P2-Biphenyl-dicarboxylic acid decomposes at a higher temperature. 
It is obtained from benzidin and by oxidising p2-ditolyl. Its dimethyl 
ester, m.p. 212®, is obtained from p-iodo-benzoic ester and copper 
(A. 332, 73). 

P2-Diamido-biphenyl-m2-dicarboxylic acid is obtained from o-nitro- 
benzoic acid, just as pj-diamido-diphenic acid is prepared from m-nitro- 
benzoic acid (B. 25 , 2797 ; 31 , 2574). It is converted through its 
tetrazo-compounds into P2-dloxy-biphenyl-m2-dicarboxylic acid, A‘- 
salicylic acid, m.p. 302®-305®. 

m2-Dimethyl-biphenyl-P2-dicarboxyllc acid melts above 300®, is 
formed from o-toli^n, and is oxidised to diphthalic acid, biphenyUm 
p g-dicavbo xylic acid (C04ll)2[3» 4 ] 1^)3 (®* 2486). 

VOL. U. 2 O 
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I. B. DipheiiyI-beiiiols,i{f/>A^y/-/»A«wy/«fi«sCQH4(CeH5)s. — ^Twosuch 
bodies are known : m-diphenyl-benioU is<hdiphenyUbenxol, melting at 
85^ and boiling at 369^, and p^iphenyl-bensol, melting at 205^ and 
boiling at 383®. They are formed simultaneously on conducting 
benzene through a tube heated to redness, and by the action of diazo- 
benzol chloride upon diphenyl and AlgCl* (B. 26 , 1998). The p-body 
is also produced in the action of sodium upon a mixture of p-dibromo- 
benzol and bromo-benzol (A. 164 , 168). Iso-diphenyl-benzol is also 
prepared from m-dichloro-benzol and chloro-benzol by the action of 
sodium in xjdol (B. 29 , R. 773). 

p-Diphenyl-phenol CeH,{OH)[2, 4](CeH5),, formed by the condensa- 
tion of cinnamic aldehyde and sodium phenyl-succinate, by means of 
acetic anhydride, the intermediately formed diphenyl-butadiene-acetic 
acid C^HgCH : CH.CH : C(C,H5)CHjCOOH undergoing benzene ring 
condensation ; the phenol, on distillation with zinc dust, gives p- 
diphenyl-benzol (B. 86, 1407). 

2 , 6 -Diphenyl-l, 4 -nitro-phenol (CeH 5 ) 2 [ 2 , 6]CeH2[4]N02[i]0H, m.p. 
136®, is obtained synthetically from dibenzyl-ketone and nitro-malonic 
aldehyde. It has been converted into the corresponding amido-phenol, 
quinone, and hydroquinone (C. 1900, II. 560). The latter substance 
has also been obtained by way of diphenyl-nitroso-phenol, formed, 
besides phenyl-nitroso-phenol, from nitroso-phenol and two molecules 
diazo-benzol chloride (A. 312 , 227). 

Di-biphenyl C^H5.CeH.4CeH4.CeH5, m.p. 320®, from p-iodo-biphenyl 
and copper (A. 332 , 52). 

I. C. Triphenyl-benzols C4H3(C4H5)3. — ^The symmetrical or [i, 3, 5] 
modification is formed from aceto-phenone when heated with P2O4, 
or by conducting hydrochloric acid gas into it, just as mesitylene is 
obtained from acetone. It melts at i6q® (B. 23 , 2533). [i, 2, 3] (?)- 

Triphenyl-benzol melts at 157® (B. 26 , 69). Synthetically, several 
hydrogenated derivatives of [i, 2, 3]-triphenyl-benzol (cp. C. 1898, II. 
979 ; 1904, 1 . 806 ; B. 82 , 2009). 

I. D. 1 , 2 , 4 , 5 -Tetraphenyl-benzol C4H2(CeH4)4, m.p. 278®, from the 
cyclic pinacone obtained from diphenyl-dibenzoyl-butadiene (q.v.) 
(A. 302 , 210). 


II. Benzyl-benzol Group. 

Benzyl-benzol or diphenyl-methane is the simplest hydrocarbon 
of this group. The alkyl diphenyl-methanes and the compounds 
substituted in the benzene residues by the NOj, NH*, or OH groups 
are derived from it. If we suppose a hydrogen atom of the CH, group 
to be replaced by OH, we obtain the formula of benz-hydrol or 
diphenyl-carbinol, which changes by oxidation to benzo-phenone 
or diphenyl - ketone. Diphenyl-methane CH2(C4H5)2, benz-hydrol 
H0CH(C4H4)2, and benzo-phenone CO(C4H4)2 are the simplest repre- 
sentatives of the hydrocartens, the secondary alcohols and the ketones 
of this group. Attached to them are the corresponding carboxylic 
acids — e.g, : 

Benzo-benzoic acid Benzo-hydnd-benzoic add Benzoyl-benzoic add. 
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1. Hydrocarbons (Diphenyl-methanes;^. 

Formation. — (i) From benzyl chloride, benzene and zinc dust 
(Zincke, A. 159 , 374), or aluminium chloride (Friedel and Crafts). (2) 
From formaldehyde, methylal, or methylene diacetate with benzene 
and sulphuric acid (Baeyer, B. 6, 963). Both reactions are capable of 
wide generalisation. Thus, by use of the second reaction, substituting 
other aldehydes for formaldehyde, numerous hydrocarbons have been 
obtained in which two benzene residues are attached to the same 
carbon atom (see unsym. diphenyl-methane, below). (2a) Benzyl 
alcohol and benzene, by treatment with concentrated sulphuric acid, 
yield diphenyl-methane (B. 6, 963). (3) By the reduction of ketones, 

into which the benzyl - benzols are oxidised. Diphenyl -methane 
derivatives are formed as by-products. (4) By the action of sodium 
upon mixtures of bromo-benzols and alkyl-benzols (B. 83 , 334). 
(5) By the oxidation of alkyl -benzols with manganese dioxide 
and sulphuric acid, from which we obtain tolyl-phenyl-methane 
(B. 83 , 464). 

Diphenyl-methane CgH5.CH2.CeH5, benzyl-benzol, is obtained (i) 
from benzyl chloride and benzene with zinc dust or AICI3. (2) From 
CH2CI2 with benzene and AICI3. (3) From methylal, or (4) from benzyl 
alcohol, benzene, and sulphuric acid. (5) By the reduction of benzo- 
phenone with zinc dust or zinc and sulphuric acid, or hydriodic acid 
and phosphorus ; and (6) upon distilling diphenyl-acetic acid with soda- 
lime (A. 155 , 86). 

Diphenyl-methane possesses the odour of oranges. It melts at 
26*5° and boils at 261°. When conducted through ignited tubes it 
yields diphenylene-methane or fluorene ; a chromic acid mixture 
oxidises it to benzo-phenone, whereas concentrated nitric acid 
changes it to Pg-, o, p-dinitro-, and tetra-nitro-diphenyl-methane 
(A. 283, 154). 

Benzyl - toluenes, phenyl - tolyl - methanes CeH5.CH2.C5H4.CH3. — A 
liquid mixture of o- and p-benzyl-toluol, which cannot be separated, 
is obtained by the action of zinc dust on a mixture of benzyl chloride 
and toluol. Anthracene is formed at the same time. The pure para- 
body has been formed by heating para-phenyl-tolyl-ketone with zinc 
dust, and is a liquid, boiling at 285°. It appears dso to be produced 
in the action of sodium upon p-bromo-toluol along with p-ditolyl. 
Bromo - mesitylene and sodium 5deld, together with dimesityl, a 
pcntamethyl-diphenyl-methane (B. 29 , in). 

Benzyl-p-xylene boils at 294®. Benzyl-mesltylene melts at 36® and 
boils at 301°. The benzyl-durols melt at 60® and boil at 310® ; and at 
145® and 326®. Benzyl-penta-ethyl-benzol melts at 88® (B. 26 , R. 58). 
P2-DItolyl-methane melts at 22® and boils at 286®. Dlmesityl-methane 
melts at 139®. The unsym. hydrocarbons were obtained according to 
methods i and 4, and the sym. according to method i. 

Nitro-diphenyl-methanes CeH5.CH2.CeH4.NO2 (A. 283 , 157).— The 
or/Ao-compound, prepared from o-nitro-benzyl chloride and benzene 
with AlCla, is liquid (B. 18 , 2402 ; 29 , 1303). The meta- and para- 
bodies are derived from meta- and para-nitro-ben^l alcohol by means 
of benzene and sulphuric acid. The first is an oil ; the second melts 
at 31® (B. 16 , 2716). 
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Ot-Dliiltro-diphenyl-methane,,m.p. isq"*, from Ps-diamido-Oi-dinitro- 

diphenyl-methane by de-amidation (J, pr. Ch. 2, 65 , 327). 

m^-Dlnitro-diphenyl-methane, melting at 174®, is formed from 
m-nitro-benzyl alcohol with nitro-benzol, or from formaldehyde, nitro- 
benzol, and concentrated sulphuric acid (B. 27 , 2293, 2321). m, p-Dl- 
nitro-diphenyl-methane, p-nitro-benzyl-m-nitro-benzol melts at 103®. 
Ps-Dinitro-dipbenyl - methane melts at 183®. It is obtained from 
diphenyl-methane along with o, p-dinitro-diphenyl-me thane, melting 
at 118® (B. 27 , 2110 ; A. 194 , 363). 

Tetranitro - diphenyl - methane, melting at 172®, forms dark-blue 
coloured salts with alcoholic potash (B. 21 , 2475). 

Amido-diphenyUniethanes. — o-Amldo-diphenyl-methane is a liquid. 
When its vapours are conducted over ignited lead oxide, acridin (q.v.) 
results. Nitrous acid converts it into fluorene (B. 27 , 2786). m- and 
p-Amido-diphenyl-methane melt at 46® and 34® respectively (B. 16 , 2718). 

02-Diamido-diphenyl-methane, m.p. 160® (see J. pr. Ch. 2, 65, 331). 

Pg-Diamido-diphenyl-methanes are formed (i) from methylene 
dianilines on heating with aniline chloroh^^drates ; in this reaction 
amido-benzyl anilines may be formed as intermediate products, which 
are further transposed into diamido-diphenyl-methanes : 

CeHsNH.CHj.NHC.H, ► C.H.NH.CH.CeH^NH, ► NH,C,H4CH,CeH4NH, 

This reaction is confirmed (2) by the easy formation of diamido-diphenyl- 
methanes from amido-benzyl-anilines by heating with aniline chloro- 
hydrates (C. 1900, I. mo ; cp. B. 33 , 250). 

P2-Diamido-diphenyl-methane, melting at 85®, changes completely 
to para-rosanilin or rosanilin when heated wi^ aniline or o-toluidin 
in the presence of an oxidising agent (B. 25 , 303). 

Its ietramethyl derivative results from dimethyl-aniline by means of 
C2H2I2, CCI3H (or CCI4), or with methylal, or by the action of CSj and 
zinc upon dimethyl aniline. It melts at 90®. 

The hydrogen of the group CHg attached to basic radicles is very 
readily replaced by sulphur ; see Pj-tetramethyl-diamido-thio-benzo- 
phenone. See A. 283 , 149, for i^^ornenc diamido-diphenyl-methanes. 

P2-Dlamido-02-dinitro-diphenyl-methane and its reduction products, 
see C. 1910, II. 569. po-Dihydrazino-diphenyl-methane CH2(CcH4. 
NHNH2),, m.p. 140" ( 7 . pr. cl 2, 74 , 155). 

Oxy-benzyUhenzols. — p-Benzyl-phenol, melting at 84® and boiling 
at 325® (in CO2), is produced (i) from benzyl chloride, phenol, and zinc ; 
(2) from benzyl alcohol, phenol with concentrated sulphuric acid, or 
zinc chloride ; (3) from p-amido-diphenyl-methane. 

The bromination products of this phenol, like the brominated 
phenol-alcohol bromides, can easily be converted into methylene- 
quinones, e.g. C3H5CH : QHgBrg : O-l-HjO, a yellow precipitate, easily 
passing into dibromo-oxy-benzo-hydrol (A. 3 M, 367) : 

AmUo-benzyl-phenols are easily obtained by the condensation of 
amido-benzyl alcohols with phenols (C. 1903, I. 288). 

p - DUdkyl - amido - benzyl - phenols, e.g. C2H20HBr,.CH,.CeH4[4]N 
(CH,),, are formed by the action of o- and p-pseudo-phenol bromides 
upon tertiary anilines (A. 334 , 264). 

o^*Diozy-diphenyl-methan6 is only known in the form of its an* 
bydnde, xanthene (g.v.). 
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Pt*Dloxy-dlpheiiyl-metbaiie is produced on fusing diphenyl-methane- 
disulphonic acid with KOH (A. 194 , 318). It melts ^t 158°. Its 
dimethyl ether is formed from anisol and methylal by the action of 
concentrated sulphuric acid (B. 7, 1200), and melts at 52® (B. 7, 1200). 
By exhaustive bromination it is converted into a hepta-bromide, which 
easily splits off HBr and turns into a methylene-quinone O : CeBr3H : 
CHCeBrH3(OH), red needles, m.p. 245° (/. pr Ch, 2, 68, 441 ; A. 330 , 
61). Substituted Pg-dioxy-diphenyl-methanes have been obtained, in 
various ways, from p-oxy-benzyl alcohols, and the derived pseudo- 
phenol haloids (A. 356 , 124). 

Multivalent phenols are easily condensed by formaldehyde into 
polyoxy-diphenyl-methanes : methylene-dipyro-catechin, m.p. 220® with 
decomposition (B. 26, 254). Methylene-diresorcin, methylene-diorcin, 
methylene-diphloro-glucin (A. 329, 269 ; C. 1907, 1. 547). 

Methylene-bis-hydro-resorcin CH2(CeH70a)9, m.p. 132®, from hydro- 
resorcin and formaldehyde, on boiling with acetic anhydride, yields 
octohydro-xanthene-dione CHa(C5H80)a0, and with anunonia deka~ 
hydro-acridin-dione CHa(C8HjO)aNH (A. 309 , 356). 

2. Alcohols (Benzo-hydrols). 

Diphenyl-carbinol, benzbydrol (C6H5)2CH.OH melts at 68 ® and 
boils at 298® with partial decomposition into water and benzhydryl 
ether [(C3H6)2-CH]20, melting at 109® (B. 34 , 1965). It is produced 
on heating diphenyl-bromo-methane with water to 150®, or, more readily, 
from benzo-phenone with sodium amalgam, or by heating with alcoholic 
potassium hydroxide and zinc dust (together with benzo-pinacone) 
(A. 184 , 174). Synthetically, it is prepared from formic ester with 
phenyl-magnesium bromide (C. 1902, II. 1209). By oxidation it 
passes into benzo-phenone, also by heating in the presence of palladium 
black (R. 36 , 28 16). With quinones and quinoid substances benzo- 
hydrol condenses with entrance of one or two CH (03113)2 groups into 
the quinoid nucleus (B. 32 , 2146 ; 33 , 799). 

Phenyl-p-tolyl-carbinol melts at 52® (A. 194, 265). 

Diphenyl-carbinol chloride, diphenyl -chloro- methane, melting at 
14®, is obtained from benzo-hydrol and HCl. When heated it breaks 
down into HCl and tetraphenyl-ethylene (B. 7 , 1128). Diphenyl- 
bromo-methane, from diphenyl -methane and bromine, melts at 
45 ^ 

Benzo-hydrylamine NH2.CH(C3H6)2, b.p. 288®, is obtained from 
diphenyl-bromo-methane and from benzo-phenon-oxime (B. 19 , 3233). 
The latter method has afforded the homologous alkyUbenzo-hydroxyl- 
amines (B. 24 , 2797). The formyl derivative, from benzo-phenone 
and ammonium formate at 200®-250® (B. 19 , 2129), melts at 132®. 
Formamldine-benzo-hydryl CH(NH)NHCH(C 3 H 5)2 is formed from 
prussic sesqui-chlorohydrate 2CNH.3HCI, benzene, and AlClj (B. 

81 , 1771)- 

DIbenzo-hydrylamlne melts at 136”. 

Phenyl -benzo-hydrylamine C,H,NH.CH(C,H5)„ b.p.,o 233*, is 
formed when CjHjMgBr is attached to benzylidene-aniline and the 
product is decomposed with acids (B. 88, 1767). 

jS-Benzo-hydryl-hydroxylamine Idiphenyl-aminol-methane] HO.NH. 
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CH(C,H,)„ m.p. 78®, is formed on boiling a solution of diphenyl- 
bromo-meliiane and acetoxime with glacial acetic acid and water 
(A. 278 , 364). 

Benzo-hydryl'hydrazin (C,H5),CH.NHNH„ m.p. 59®, b.p.^, 188®, 
and bls-benzo-hydryl-hydrazin (C,HOtCH.NHNH.CH(C,Ht), m.p. 
133°. fro™ benzo-phenone-hydrazone and bis-benzo-phenone-hydrazone 
by reduction with sodium amalgam and alcohol. Benzo-hydryl- 
hydrazin, on boiUng with HCl, splits into diphenyl-chloro-methane and 
hydrazin {J. pr. Ch. 2, 67 , 112). 

o-Amldo-benzo-hydrol m.p. 120®, is formed 

in the reduction of o-amido-benzo-phenone. It is capable, like 
o-amido-benzyl alcohol, of producing heterocyclic compounds (B. 29 , 

1034). The isomeric o-oxy-benzo-hydrylamine 

m.p. 103®, is obtained by reduction of phenyUindoxazene (C. 1898, 
II. 284). 

p-Oxy-benzo-hydrol HO[4]CeH4CH(OH)CeH5, m.p. 161®, from 
benzoyl-phenol by reduction (A. 210 , 253). op-Dioxy-benzo-hydrol is 
formed by condensation of benzaldehyde and resorcin by means of 
alkali (C. 1910, I. 920). OsPg-Tetramethoxy-benzo-hydrol, m.p. 179®, 
from vic-iodo-resorcino-dimethyl ether, Mg, and formic ester (A. 
372 , 128). 

In the aldol condensation of benzaldehyde, or p-nitro-benzaldehyde 
and dimethyl-aniline, with hydrochloric acid (by ZnCla or oxalic acid 
the products are triphenyl-methane derivatives) there arise : p-n!tro- 
p-amido-benzo-hydrol N02CeH4CH(0H)CeH4NH2 (C. 1901, I. 866), 
p-dimethyl-amido-benzo-hydrol C«H5CH(OH).CeH4N(CH3)2, m.p. 69®, 
and p-dimethyl-amido-p-nitro-benzo-hydrol, m.p. 96® (B. 21 , 3292). 
By reduction the latter compound yields p-dimethyl-amido-p-amido- 
dipbenyl-methane, m.p. 165®. P2-Tetramethyl-diamido-benzo-hydrol, 
m.p. 96®, has been obtained by the reduction of pg-tetramethyl-diamido- 
benzo-phenone (B. 22 , 1879). boiling the former with dilute 
mineral acids until the blue colour has disappeared, it breaks down into 
dimethyl-aniline and dimethyl-amido-benzaldehyde (B. 27 , 3316). In 
the solid condition pj-tetramethyl-diamido-benzo-hydrol is white, 
while its solution is blue in colour (B. 20 , 1733, footnote). In acid 
solution the tetramethyl-diamido-benzo-thio-hydrol has, like auramin, 
perhaps a quinoid structure (B. 30 , 2803 ; 33 , 283). It is a very 
reactive body. On standing, or on boiling ^\dth alcohols, ethers are 
generated. Methyl ether CH30CH[C4H4N(CH3)2]2. m.p. 72® (C. 1902, 
I. 471) ; vdth SH2 it yields in alcoholic solution tetramethyl-diamido- 
benzo-thio-hydrol HS.CH[CeH4N(CH3)2]2, m.p. 82®. With aromatic 
amine it spontaneously transposes into tetramethyl-diamldo-benzo- 
bydryl-aryl-amines ArNHCH[C3H4N(CH3)2]2, the so-called aryl-leuc- 
auramines. The simplest leucauramine NH2CH[C3H4N (€113)2] 21 m.p. 
I35°» is formed from auramine by reduction with sodium amalgam in 
alcohol ; oxidation regenerates auramine. With Am sulphide the 
leucauramines yield tetramethyl - diamido - benzo - hydryl sulphide 
S[CH[CeH4N(CH3)2],]2, m.p. 172® (B. 35 , 375, 913). With compounds 
having a reactive CH, group, like malonic ester, aceto-acetic ester, etc., 
the hydrol easily unites with expulsion of water (C. 1910, 1 . 181). With 



BENZYL-BENZOL GROUP 567 


quinones and quinoid substances it condenses like benzo-hydrol itself 
(B. 84 , 881, etc.). 


3. Ketones (Benzo-phenones). 

The ketones of the benzyl-benzol group bear the same relation to 
the benzoic acids that the acetones bear to the fatty acids : 

CH,CO.H C.H..CO,H 

Acetic acid Acetone Benzoic acid Benzo-phenone. 


This analogy is shown in the various methods of formation. 
Methods oj Formation. — (i) By oxidising (a) the benzyl-benzols 
and (6) the benzo-hydrols with chromic acid : 


CH 

C.H, 


2O 


Co<^C.H. 


vC.H. 




i 

8 


If the CHj group contains alkyls or carboxyl these groups will be 
split off by the oxidation, with the production of ketones. If the 
benzene residues contain alkyl groups these are converted into carboxyl 
groups. 

(2) By the action of hot water upon the ketone chlorides (see 
Benzo-phenone chloride, below). 

Nuclear Syntheses. — (3) By the distillation of the calcium salts of 
mononucleus, aromatic monocarboxylic acids, the CO,H groups of 
which are in direct union with the benzene residue : 


(CeH5,CO*)2Ca ► (C,H 5 ),C 0 +C 03 Ca. 

(4) By the condensation of benzoic acid or its anhydride on heating 
with benzene and P2O3. 

(5) By the action of benzoyl chloride on benzene, in the presence 
of aluminium chloride. 

Phosgene reacts in the same manner, and acid chlorides are the 
first products. These then change into ketones (B. 10 , 1854) : 

C,H,-|-COCl, c.h,.coci-hc.h, C,H*COC,H.. 

(6) By the action of carbon tetrachloride upon au'omatic hydro- 
carbons and their halogen substitution products, in the presence of 
AICI3, benzo-phenone chlorides are obtained, which, on heating with 
water, turn into ketones (C. 1904, I. 283 ; 1905, I. 1248). 

(7) By the action of mercury diphenyl upon the acid chlorides — 
e.g. benzoyl chloride. 

Behaviour. — (i) On heating with zinc dust or hydriodic acid and 
amorphous phosphorus, the ketones sustain a reduction of the CO 
group and revert to the hydrocarbons ; for example, benzo-phenone 
yields diphenyl - methane. (2) Sodium amalgam changes them to 
secondary alcohols (benzo-hydrols) and pinacones. (3) Splitting up of 
alkylated benzo-phenones by heating with phosphoric acid, HI or 
HCl, into hydrocarbons and carboxylic acids (see B. 82 , 1565, 1908). 

Benzo-phenone, diphenyl-ketone CO(C3H3)|, is known in two modifi- 
cations, the unstable (labile), melting at 26®, and produced on boiling 
the stable form, melting at 46®. The unstable modification slowly 
reverts to the more stable variety. This takes place rapidly, and with 
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a very perceptible evolution of heat, upon touching it, with a trace of 
the stable variety (B. 26 » R. 380 ; C. 1898, 1 . 1177 ; 1900, 1 . 340). It 
boils at 307° (760 mm.) and at 162® (12 mm.). It is produced according 
to the general methods : (i) by oxidising diphenyl-metiiane, unsym- 
metrical diphenyl-ethane, benzo-hydrol, diphenyl-acetic acid. etc. ; 
(2) from benzo-phenone chloride ; (3) by the distillation of calcium 
benzoate (Pdigot, A. 12 , 41) ; (4) by the action of P2O5 upon benzoic 
acid and benzene ; (5) from phosgene or benzoyl chloride, benzene 
and aluminium chloride ; and (6) from benzoyl chloride and mercury 
diphenyl. It is also found with benzoic acid and triphenyl-carbinol 
(7) among the products of the action of COg upon CeHgMgBr (B. 36 , 
3005). On fusing with potassium hydrate it dissolves into benzoic 
acid and benzene, and on heating with sodium amide, in benzene 
solution, into benzamide and benzene (C. 1909, II. 22). It is converted 
into diphenyl-methane, benzol-hydrol, and benzo-pinacone by reduc- 
tion. Hexahydro-benzo-phenone, m.p. 54®, from hexahydro-benzoyl 
chloride, benzene, and AICI3 (B. 30 , 1940). 

Benzo-phenone Homologues. — o-Phenyl-tolyl-ketone, b.p. 315°, when 
conducted over heated lead oxide, passes into anthra-quinone (q.v.), 
while it yields anthracene when heated with zinc dust (B. 6, 754). 
m-Pbenyl-tolyl ketone boils at 314°. 

^Tolyl-pbenyl ketone is known in two modifications : the unstable 
(labile) form melts at 55® ; it is hexagonal. The stable form, m.p. 
59®, is monoclinic (A. 189 , 84 ; B. 12 , 2299). 

p-Ditolyl ketone melts at 92® and boils at 333®. Benzoyl-xylol melts 
at 36® and boils at 317® (B. 17 , 2847). Benzoyl-mesitylene melts at 
36® and boils at 317®. Mesitoyl-mesitylene, m.p. 85® (J. pr. Ch, 2, 
35 , 486), etc. All tliese are most conveniently prepared by method 5. 

Derivatives of Benzo-phenone obtained by the Replacement of Oxygen . — 
Benzo-pbenone cbloride, dtphenyl-dichloro-methane CCl2(C3H5)2, boiling 
at 193® (30 mm.), is produced w^hen PCl^ acts upon benzo-phenone. 
Also by the action of benzene upon carbon tetrachloride in the presence 
of AICI3 (C. 1905, I. 1248). 

When heated with water it reverts to benzo-phenone, while with 
silver it 5delds tetraphenyl-ethylene, and with zinc dust tetraphenyl- 
ethylene, a- and j 3 -benzo-pinacolin (B. 29 , 1790). By transposition 
with two molecules sodium azide, nitrogen is split off, and N, a-dipbenyl- 
/N(C,H,).N 

tetrazol II is formed (B. 42 , 3359). 

N N 

Benzo-pbenone bromide CBr2(C3H5)2 is produced on dropping 
bromine into diphenyl-methane heated to 150®. 

Acetals of benzo-phenone are obtained from benzo-phenone chloride 
with sodium alcoholates, as well as from benzo-phenone and ortho- 
formic ethers. Benzo-phenone dimethyl and diethyl acetals melt at 
107® and 52®, and boil at 289® and 295® respectively (B. 29 , 2932 ; 
R- 774 )- 

Thlo-benzo-pbenone CS(C,H,), b derived from benzene by means of 
thio-phosgene, CS,C 1 ,, and aluminium chloride. In this reaction the 
phenol ethers react more readily than the hydrocarbons (B. 28 , 2869). 
ITiio-benzo-phenone is further produced by the action of phosphorus 
sulphide upon benzo-phenone, but best of all when an alcoholic solution 
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of potassium sulphide reacts with benzo-phenone chloride. It is an 
intensely blue-coloured oil, which congeals at lower temperatures to 
blue needles, and under a pressure of 14 mm. distils at 174®. The 
thio-benzo-phenones, when acted upon with metallic copper, yield 
tetraphenyl-ethylene (B. 29 , 2944). 

Benzo-phenone-diethyl-anddibenzyl-mercaptol (CeHs) 2C(SCH2CeH5) ^ 
m.p. 144°, on careful oxidation, yield the corresponding sulphonals, 
m.p. 137® and 208® (B. 85 , 2343). 

DIphenyl-dinitro-methane (C eH6)2C(N204), melting at 78®, results 
upon saturating a solution of benzo-phenone-oxime in ether with nitro- 
gen tetroxidc. It is changed back to benzo-phenone-oxime with zinc 
dust and glacial acetic acid. Benzo-hydrylamine is also formed (B. 23 , 

Benzophenone imine (C„ll5)2C=NH is a colourless oil, obtained 
in the action ot dry ammonia upon a chloroform solution of amido- 
benzo-phenone chlorohydrate. The chlorohydrate results when benzo- 
phenone chloride is heated with urethane to 130®. Phenyl-benzal- 

sultime melting at 164®, should be viewed as a derix a- 

tive of imino-benzo-phenone, produced in the condensation of pseudo- 
saccharin chloride with benzene and aluminium chloride (B. 29 , 229O). 

Phenyl-imino-benzo-phenone, henzo - phenonc - anile (CeH^) gC =N. 
CgHj, melting at 116®, is formed from benzo-phenone chloride and ani- 
hiyQ (A. 187 , 199), or benzo-phenone and aniline at 240^-250®, as well 
as by the action of C^HgllgBr upon phenyl-imino-benzoic ester C^HjC 
(OCU3) : NCgHj (C. 1906, L 1431). It forms unstable salts with acids, 
and with methyl iodide an addition product, m.p. 202® (B. 35 , 2615). 
A series of o-substituted benzo-phenonc-aniles, all coloured more or less 
strongly yellow (cp. auramin) have been obtained from the corre- 
sponding ketones by heating with aniline in the presence of sulphuric 
acid (B. 32 , 1683). 

Benzo-phenonoxime (€4116)20 : N.OH, melting at 140®, is known in 
only one modification (for the possible existence of an unstable form, 
consult B. 28 , R. 1008), while unsymmetrical benzo-phenones — e.g, 
bromo-benzo-phenone and phenyl-tolyl-ketone — each form two oximes 
(B. 23 , 2776). 

Hexahydro-benzo-phenone also forms tw^o oximes — a-, m.p. 158®; 
j 3 -, m.p. Ill® — the first of which, on transformation, yields benzoyl- 
amido-hexamethylene, while the second yields hexahydro-benzanilide 
(B. 30 , 2862). 

Benzo-phenone-hydrazone (C4H6)2C : NNHj, m.p. 98°, and bls- 
benzo-phenone-hydrazone, diphenyl-ketazin (C6H6)2C : N.N :C(C«H6)2, 
m.p. 162® (/. pr. Ch. 2, 44 , 194). Benzo-phenone-semi-carbazone, 
m.p. 165®. The phenyl-hvdrazone (CeH6)2C : NjH.CjHj melts at 137® 
(B. 19 , k. 302). 

Benzo-phenone Halogen Derivatives are mostly produced by method 
5 (P- 5^7)* o-Bromo-benzo-phenone, melting at 42®, is noteworthy 
because of the mobility of its bromine atom. If o-bromo-benzo- 
phenone-oxime, melting at 132®, be acted upon with caustic alkali it 

^ / 

splits off hydrogen bromide and becomes phenyl-indoxazene 
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(B. 27 , 1452), while m- and p-bromo-benzo-phenone, on the other hand, 
yield with o-bromo-benzo-phenone two isomeric oximes (B, 25 , 3292 ; 
A. 264 , 152, 171). 

The sym. m-, p-dibromo-banio-phenones (BrCeH4)2CO, melting at 
142^ and yield but one oxime (A. 264 , 160). 0-, p-Dibromo-benzo- 
phenone, melting at 52°, yields one oxime, melting at 141® ; this can be 
readily rearranged to p-bromo-phenyl-indoxazene (B. 27 , 1453). 

o-Chloro-benzo-phenone-oxime shows less readily, and o-iodo-benzo- 
phenone-oxime more readily, than o-bromo-benxo-phenone^oxime the 
formation of phenyWndoxazene (B. 26 , 1250). 

Benzo-phenone hexachloride C4H5COC4H5CI4, m.p. 215^, from benzo- 
phenone and chlorine in chloroform, on heating gives trlchloro-benzo- 
phenone CeHjCOCeHjClj, m.p. 131® (C. 1898, 1 . 1178). 

Nitro-benxo-phenones. — 0-, m-, and p-Nitro-benzo-phenone melt at 
195°, 94®, and 138° (B. 16 , 2717 ; 18 , 2401 ; /. pr, Ch. 2, 65 , 308). 
Phenyl-indoxazene is produced when the oxime of the o-body is boiled 
with caustic soda (B. 26 , 1250). On heating at ordinary pressures it 
forms acridone, probably by way of phenyl-anthranile (B. 42 , 591). 

O2-, m,-, P2-Dinitro-benzo-phenone melt at 188®, 148®, and 189®. 
0, n-, 0, P-, and m, p-Dinitro-benzo-phenone (N02CeH4)2C0 melt at 
126®, 196®, and 172®. O2- and 0, n-Dinitro-benzo-phenones are formed 
in the nitration of benzo-phenone (A. 283 , 164 ; B. 27 , 2111). Oj, P2- 
Tetranitro-benzo-phenone melts at 225® (B. 27 , 2318). Other sub- 
stituted benzo-phenones are described in the A. 286 , 306, etc. 

c-Phenyl»anthranile feebly yellow crystals of 

m.p. 53®, may be regarded as an inner anhydride of o-hydroxylamino- 
benzo-phenone. Following anthranile and c-methyl-anthranile, it 
is obtained by reduction of o-nitro-aceto-phenone with tin and 
glacial acetic acid, or by oxidation of o-amido-aceto-phenone with 
Caro’s acid (B. 42 , 1723), and, in small quantities, by the condensation 
of o-nitro-benzaldehyde and benzene, by means of concentrated H2SO4 
(B. 41 , 1845). On heating at ordinary pressure it transposes into the 
isomeric acridone (B. 42 , 592). The same transformation is also 
produced by the simultaneous action of sulphuric and nitrous acids, 
probably by way of nitroso-o-hydroxylamino-benzo-phenone (B. 42 , 
1716). Cp. the analogous breaking up of anthranile, and the trans- 
position of c-methyl-anthranile into indoxyl. Derivatives of phenyl- 
anthrarale are probably represented by a series of compounds obtained 
by the condensation of o-nitro-benzaldehyde with tertiary anilines and 
phenols, by means of concentrated HCl (B. 42 , 1714). 

Amido-benzo-phenones are obtained from nitro-benzo-phenones, 
from benzoic acid, dimethyl-aniline and P2O5, benzoyl chloride, 
phthalanile and ZnCl2 (B. 14 , 1838), etc. 0-, m-, p-Amldo-benzo- 
phenone melt at 106®, 87®, and 124®. o-Amido-benzo-phenone is made 
from toluol-sulphon-anthranilic acid chloride, with benzene and A 1 C 1 „ 
and saponification of the resulting toluol-sulphon-amido-benzo-phenone 
(B. 85 , 4273 ; 89 , 4332). Or from the amide of o-benzoyl-benzoic acid 
by means of sodium hypo-bromite (B. 27 , 3483 ; A. 291 , S). A mixture 
of o- and p-amino-benzo-phenone in the form of their benzoyl deriva- 
tives C4H5CONHC4H4COCeH5 is obtained by intramolecular atomic 
migration from the itUermediaie dibenzoyl^aniline (C4H4CO)2NC4H4 on 
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heating aniline with two molecules benzoyl chloride to 220® (C. 1903, 1 . 
924 ; 1904, 1. 1404). 

o-Amldo-benzo-phenone-ozlm 6 t m.p. 156®, is rearranged at high 
temperatures by hydrochloric acid into o-phenylene-benzamidin (B. 24 , 
2385)* Aeetyl-o-amldo-benzo-phenone, m.p. 89®. p-DImetbyl-amido- 
benzo-phenone, p-benzoyl-dimethyl-anillne, m.p. 90®, is also formed 
on heating malachite green with concentrated hydrochloric acid at 180® 
(A. 217 , 257 ; B. 21 , 3293 ; A. 807 , 307), and by heating dimethyl- 
aniline-phthaloylic acid. On further derivatives of p-amido-benzo- 
phenone, see A. 811 , 147. 

Ring-formations of o-Amido-henzo^henone . — (i) Acridone is pro- 
duced when o-amido-benzo-phenone is heated with lead oxide (B. 27 , 
3484). (2) Nitrous acid converts this o-body into fluorenone or 

diphenylene-ketone (B. 27 , 3484). (3) PhenyUindoxazene is readily 

obtained from o-amido-benzo-phenone-oxime and nitrous acid (B. 26 , 
1667). (4) When acetyl-o-amido-benzo-phenone is heated with alco- 

holic ammonia it condenses to a-phenyl-jS-methyl-quinazolin (B. 25 , 
3082). (5) AcetyUphenyl-isindazol (B. 24 , 2383; 29 , 1255) results 

when acetyl-o-amido-benzo-phenone-oxime is acted upon by acetic 
anhydride. (6) o-Amido-benzo-phenone condenses with acetone and 
sodium hydroxide to a-methyl-y-phenyl-quinolin (B. 18 , 2405). 

(7) When the chlorohydrate of o-amido-benzo-phenone is heated water 
is eliminated, and there results an anhydro-bis-o-amido-benzo-phenone, 
which probably contains an ** 8-membered " ring (B. 29 , 1272) : 


NH,[2]C,H, 




PbO 


NH< 
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NH.[2]C,H«V no.oh C.H«\ 
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CH,CO.CH, ^ ^ /ClCeH^) : CH a-Methyl-y-phenyl- 
quinolin 

— aH|0^ ^ ^ /C{C^H^) : N\^ „ Anhydro-bis-o-amido- 
► ^ benzo-phenone. 


Diamido-benzo-phenones , — Oj-, mg-, Pg-Diamido-benzo-phenones 
melt at 134®, 173®, and 239® respectively. Nitrous acid converts 
the o-body into xanthone [q,v,) and o-oxy-fluorenone (B. 28 , in) 
pg-Diamido-benzo-phenone yields substantive cotton dyes (B. 22 , 988). 

Tetramethyl-Pg-dlamido-benzo-phenone, Michler’s ketone 

results upon heating hexamethyl violet with hydro- 

(Uri3)4 

chloric acid (B. 19 , 109). It is technically prepared by the action of 
COClg upon dimethyl-aniline in the presence of AICI3. It melts at 173®. 
Nitrous acid converts it into nitroso-trimethyl-diamido-benzo-phenone 
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(B. 24, 3198). Dimethyl-aniline and PCI, convert it into methyl violet, 
while it yields Victoria blue with phenyl>naphthylamine. Its oxime 
melts at 233® (B. 19, 1852). Its hydraxone melts at 174® (B. 86, 366). 
With two molecules dimethyl sulphate the ketone combines to form a 
bis-quatemary ammonium salt (/. pr. Ch. 2, 66, 393). 

Tetramethyl - p, - diamido-thio-benso-phenone CS[C,H4.N (CH,) ,] „ 
results from the action of hydrogen sulphide upon an alcoholic auramin 
solution heated to 60®, or it can be prepared from dimethyl-aniline and 
CSCl,. It consists of ruby-red crystalline flakes with a blue lustre or 
a cantharides-green cry stalline powder, melting at 202® (B. 20, 3266, 
3290 ; C. 1898, 1. 1029) ; on heating with alcoholic NH, under pressure 
it forms auramin base quantitatively. 

Tetramethyl-Ps-diamido-benzo-phenone Imide, auramin base 
[(CH3),NC,H4]2C : NH, m.p. 136®, combines with dimethyl sulphate 
to form the methyl sulphate of methyl-auramin (/. pr. Ch. 2, 66, 387). 
The dyestuff auramin is the chlorohydrate of the auramin base 
[(CH,),NC4H4),C : NHjCl, or of a quinoid pseudo -form of it 

(A- “>• ^34). 

Auramin results when tetramethyl-diamido-benzo-phenone is heated 
with ammonium chloride and zinc chloride, as well as from p-dimethyl- 
amido-benzamide by the action of dimethyl-aniline and zinc chloride 
(B. 28, R. 86). Perfectly analogous dyestuffs are obtained from the 
primary anilines and diamines (B. 20, 2844 ; 28, R. 65). Auramin, 
golden-yellow flakes, is important as a cotton dye. Cotton mordanted 
with tannin is coloured a beautiful yellow by this salt. 

Potassium cyanide changes it to the nitrile of the corresponding 
tetramethyl-diamido-di phenyl-acetic acid (B. 27, 3294). 

0, m-, 0, P-, m, p-Diamido-benzo-phenones melt at 80®, 128®, and 
126® respectively (A. 283, 149 ; B. 28, iii). 

Benzo-phenone-o-sulphonic acid C4H5C0CeH4[2]S03H from sulpho- 
benzoic anhydride with benzene and AICI3 (B. 33, 3486). 

B6nzo-plienon6-3, 8 (?)-disulphonlc acid (S03HC4H4)2C0 ; chloride, 
m.p. 138® (C. 1898, II. 347). 

Oxy-benzo-pbenones are formed • (1) From amido-benzo-phenones ; 
in this change the o-amido-benzo-phenones pass chiefly into fluorenones. 
(2) By decomposing the xanthones, which may be viewed as cyclic 
phenyl ethers of Oj-dioxy-benzo-phenones, with caustic potash. (3) By 
the condensation of benzoic acids or oxy-benzoic acids and phenols 
with zinc chloride or phosphorus oxy-chloride (B. 26, R. 587), sulphuric 
acid, or tin tetrachloride (B. 28, R. 43, 188 ; 24, 967). (4) From phenols 
by means of benzoyl chloride, zinc dust, or zinc chloride, or aluminium 
chloride (B. 12, 261). (5) By the action of benzo-trichloride and zinc 

oxide (B. 10, 1969) upon phenols or their benzoyl esters. (6) By the 
action of alkalies upon benzo-trichloride and phenols (B. 24, 3677). 
(7) From the phenol-carboxylic chlorides or their methyl-acetyl- or 
carbo-methoxy derivatives by condensation with benzene and AICI3 
(A. 846, 381 ; B. 42, 1015). 

Oxy-benzo-phenones containing but one Hydroxyl Group in the Benzene 
Nucleus. — o-Ozy-benzo-phenone, o-benzoyl-phenol, melting at 41®, is 
produced, together with the phenyl ester of benzoic acid, by the 6th 
method of formation ; also from phenyl-indoxazene upon heating it 
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with hydriodic acid and phosphorus (B. 29 , R. 350). The best method, 
however, consists in treating methyl-salicylic chloride with benzene 
and aluminium chloride (B. 85, 2811). o-Methoxy-behzo-phenone, 
m.p. 39°, see B. 41, 332. o-Oxy-benzo-phenone anile, m.p. 138®. 

m-Oxy-benzo-phenone, melting at 116®, is produced according to 
methods i, 4, 5 , and 7 (B. 25, 3533). m- and p-Methoxy-benzo-phen- 
one, m.p. 37® and 61® respectively, b.p. 343® and 355®, from m- and pn 
methoxy-benzoyl chloride with benzene and AICI 3 (B. 85, 2813). 

O 2 -, m 2 -, P 2 -Dioxy-benzo-phenones melt at 173®, 162®, and 210®, and 
0, m-, 0, p-Dloxy-benzo-phenones melt at 126® and 142®. They are 
obtained from the corresponding diamido-benzo-phenones. 

02-Dioxy-benzo-phenone is also made from its anhydride, xanthone 
or diphenylene ketone oxide, by careful fusion with potassium hydrate 
(B. 19 , 2609). o, p-, and p2"Dioxy-benzo-phenones are also produced in 
the condensation of salicylic acid and phenol with tin tetrachloride (A. 
354 , 177). pg-Dioxy-benzo-phenone appears also in the decomposi- 
tion of aurin, benzaurin, phenol-phthsdein, and rosanilin upon heat- 
ing them with water or caustic potash (B. 16 , 1931). tn, p-Dioxy~ 
benzo-phenone, m.p. 206°, from the diamido-compound. 

Oxy-benzo-phenones containing more than one Hydroxyl attached to 
the Benzene Nucleus, — These are prepared mainly by method 3. Men- 
tion must be made of the ketones obtained from pyrogallic acid and 
gallic acid, for they, like alizarine, are dyes. 

The dyestuff prepared from benzoic acid and pyrogaUol melts at 
140®. It bears the name alizarin yellow A in trade (A. 269, 295 ; B. 
82, 1686). Isomeric with the latter is the 8 , 4, 5-trioxy-benzo-phenoDe, 
m.p. 176®, obtained from tricarbo-methoxy-galloyl chloride, benzene, 
and AICI 3 (B. 42, 1015). 

2 , 5-DIoxy-benzo-phenone C3H5COCeH3[2, 5] (OH) 2, melting at 125®, 
is obtained from benzaldehyde and quinone, exposed to sunlight (B. 
24, 1340 ; 41, 143). 

O2 Pg-Tetraoxy-benzo-phenone [(OH)2C3H3]2CO is obtained on melt- 
ing up fluorescein chloride with soda. On heating it passes into dioxy- 
xanthane (B. 32 , 2103). 2 , 5, 2 ', 5'-Tetramethoxy-benzo-phenone, 

m.p. 109®, from iodo-hydroquinone-dimethyl ether. Mg, and CO2 (B. 

41, 4423)- 

The barks of coto and paracoto, found in Bolivia, and possessing 
therapeutic value, contain a series of benzo-phenone derivatives. 
They are : 

Cotoln CeH5.CO.C3H2(OH)2(OCH3), m.p. 130®. 

Hydrocotoln CeH5.CO.C3H2(OH)(OCH3)2, m.p. 98®. 

Hethyl-hydrocotoln C3H5.CO.CeH3(OCH3)3, melting at 113® (B. 25 , 
1119 ; 26 , 2340 ; 27 , 419), which are methyl ethers of benzoyl phloro- 
glucin; and protocotoln (CH30)2(H0).CeH2.C0.CeH3(02CH2), m.p. 
141®, as well as methyl-protoootoin (CH30),.C3H2.C0.CeH3(02CH2), m.p. 
134®, derivatives of i, 3, 5-trioxy-benzo-proto-catechone. During the 
oxidation of protocotoin with permanganate, we obtain aceto-piperone 
(B. 84 , 1468 ; see alsoC. 1907, L 817). Most closely related with these 
compounds is, according to recent investigations (B. 39 , 4014), the 
previously mentioned maelurin (0H)2[3» 4]^ 6W3*CO.C3H2[2, 4, 6] 
(OH)„ which, on heating with concentrated KOH, decomposes into 
proto-catechuic acid and phloro-glucin. The pentamethyl ether. 
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formed by methylation with dimethyl sulphate, and melting at 157®, 
has been obtain^ synthetically from veratroyl chloride, phloro-glucin- 
trimethyl ether, and AlCl, (B. 89 » 4022). 

4. Carboxylic Acids of the Diphenyl-methane Group. 

There are three classes of these acids : A. Diphenyl-methane Car- 
boxylic Acids] B. Benzo-hydrol Carboxylic Acids; C. Bcnzo-phenone 
Carboxylic Acids. 

A. Diphenyl-methane Carboxylic Acids, — 0-, m-, p-Benzyl-benzole 
acids CeH5.CH2.CeH4.CO2H melt at 117°, 107®, and 154®. When the 
o-acid is ^gested with sulphuric acid, anthranol [q.v.) is produced (B. 
25,3022; 27,2789; A. 291 , 17; B. 9,633). 

o-Cyano-diphenyl-methane, m.p. 19® and b.p. 313®, is obtained from 
o-cyano-benzyl chloride by means of benzene and duminium chloride 
as well as from o-amido-diphenyl-methane. 

Benzyl-iso- and terephthallc acid CeHfi.CH2.CeH3(C02H), see B. 9, 

1765- 

Diphenyl-methane- 02 -dlcarboxyIic acid CH2(CeH4[2]C02H)2, m.p. 
254®, results from the reduction of the lactone of benzo-hydrol-Oj-di- 
carboxylic acid, and that of the dilactone of benzo-phenone-Og-dicar- 
boxylic acid. Concentrated sulphuric acid changes it to anthranol- 
carboxylic acid (A. 242 , 253). 

Diphenyl-methane-m 2 -dicarboxylic acid melts at 22o®-225®. Di- 
phenyl-methane-p-dicarboxylic acid melts at 290® (B. 27, 2324). Dl- 
phenyl-methane-o, p-dicarboxylic acid, m.p. 220® (A. 309 , 115). 

B. Benzo-hydrol^carboxylic Acids. — o-Benzhydrol-o-carboxylic acid 

lactone, phenyl phthalide , m.p. 115 , is formed 

l[2]COO 

by the reduction of o-benzoyl-benzoic acid, and by the breaking down 
of benzhydrol-Oa-dicarboxylic acid on the application of heat. The 
acid corresponding to the lactone is not capable of existing as such ; 
its salts, however, are known. PCI* converts the lactone into anthra- 
quinone (B. 21 , 2005). 

o-Cyano-benzo-hydroI C4H5(CIIOH)CeH4[2]CN has been prepared 
from o-cyano-diphenyUchloro^ethane C4H5CHCI.C4H4CN, the reaction 
product from chlorine and cyano-diphenyl-methane (B. 29 , 1315). 
m- and p-Benzo-hydryl-benzoic acid melt at 121® and at 164® (A. 220 , 
242). p-Tolyl-phthalide melts at izq® ; for its homologues, see A. 234 , 

rcH.C,H4.0H 

237. Oxy-phenyl-phthalide c,H 44 \ , m.p. 180®, is obtained 

I COO 

from phthal-aldehydic acid, phenol, and sulphuric acid (73 per cent.) 
(B. 27,2632 ; 31 , 2790). 

fCH— C4H4C0,H 

Benzo-hydrol-oi-lactone-carboxylic acid C4H4 { \ , m.p. 

I coo 

202®, is produced on heating benzo-hydrol-tricarboxylic acid 
monolactone (HOOCC4H4)2C(OH), the reaction product of alkalies 
upon diphthalic acid (A. ^ 2 , 233). 

C. Benxo-phenone^carboxylic acids are formed (i) in the oxidation 
of the alkyl-diphenyl-methanes, alkyl-benzo-phenones, diphenyl- 
methane-carboxyUc acids, and benzo-hy^ol-carboxylic acids ; (2) from 
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benzoyl chloride and benzoic anhydride with zinc chloride (B. 14 , 647) ; 
(3) from phthalic anhydride and benzene with aluminium chloride. 

o-Benzoyl-benzoIc acid C,H5.C0.CjH4[2]C02H-f HjO* melts, when 
anhydrous, at 127®. It is produced by oxidising o-tolyl-phenyl-methane, 
o-methyl-benzo-phenone, o-benzyl- and o-benzo-hydryl-benzoic acid. 
It can be prepared by method 3. Heated with phosphorus pentoxide, 
water is eliminated and anthraquinone is produced. Anthracene is 
produced when it is heated with zinc dust. With benzene and alu- 
minium chloride ortho-benzoyl-benzoic acid yields phthalo-phenone ; 
with phenol and stannic chloride, oxy-phthalo-phenone. When di- 
gested with acetic anhydride (B. 14 , 1865) it changes to : 

/C.H,. 

Aceto>benzoyl>benzoIc acid melting at 117*’ 

(compare aceto-laevulinic acid). The oxime anhydride melts at 162°. 
It is formed when hydroxylamine hydrochloride acts upon benzoyl- 
benzoic acid. At 130® it yields phthalanil (B. 26 , 1262, 1795). Phenyl- 
, r[i]C(C,H,) :N 

lactazame I , melting at 181® (compare laevulinic 

( [2]CO N.C,H, 

acid) (B. 18 , 805). 

Chlorinated benzoyl-benzoic acids have been prepared from chlorin- 
ated phthalic anhydrides by the action of benzene and aluminium 
chloride (A. 238 , 338), and homologous methyl-benzoyl-benzoic acids 
from phthalic anhydride and toluol or other methyl benzols (B. 19 , 
R. 686 ; A. 811 , 178). Phthalic anhydride and dimethyl-aniline give 
dlmethyl-anUlne-phthaloyllc acid C,H,(COOH)COC,H4N(CH3)i,, m.p. 
205® (A. 807 , 305). For transformation and substitution pr^ucts of 
this acid, see C. 1901, 1 . 631, 944, etc. 

m-Benzoyl-benzole acid C,H,.CO.C,H 4 [ 3 ]CO,H, melting at 161®, 
is made from iso-phthalic chloride, benzene, and aluminium chloride 
(A. 220, 236 ; B. 13, 320). p-Benzoyl-benzoie acid, melting at 194®, is 
prepared according to method i (B. 9 , 92). 

Benzo-phenone-Oj-dicarboxylic acid C0(CeH4[2]C02H)2 melts ir- 
regularly at i50®-200® with the elimination of water and a change to 
the dilactone. It is produced by oxidising benzo-hydrol-o,-lactone-car- 
boxylic acid with potassium permanganate. Benzo-phenone-dicarboxylic 
COO. /OCO 

dilactone \ /^\ I , melting at 212®, is produced on boiling the 

aqueous solution of the acid, as well as by digesting its alcoholic solution 
with hydrochloric acid (A. 242 , 246). 

0 , p- and p^-Benzo-phenone-dicarboxylic acid, m.p. 235® and above 
360® respectively (A. 809 , 98 ; 811 , 96). Phthaloyl-salicyllc acid 
COOHC,H4COC,Hj(OH)COOH, m.p. 244®, from salicylic methyl ester, 
phthalyl chloride, and AlCl, (A. 308 , 280). 

Benzoyl-phthallc acid C4H4CO.C,H,[2. 3](COOH)„ from hemi- 
mellitic anhydride, benzene, and A 1 ,C 1 ,, melts at 183® with the formation 
of an anhyfede (A. 290 , 217). Concentrated sulphuric acid converts 
it into anthraquinone-carboxylic acid. 

1, 8, 4-BenzoyI-phthallo acid, m.p. 189®, is obtained by the oxidation 
of o-xyloyl-benzoic acid (A. 812 , 99). 

Benzyl<dlphenyls C4H4.CH,.C4H4.C4H4 are formed from diphenyl. 
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benzyl chloride, and zinc dust. p-Beniyl^diphenyl melts at 85^ and 
boils at 285^ (100 mm.). Iso-benzyl-diphenyl melts at 54^ and boils at 
283^-287® (no mm.) (B. 14 , 2242). 

p-Phenyl-benzyl-o-benzoic acid QH5[4]CeH4[i]CHa[2]C<,H4[i]COaH 
melts at 184'', and p-phenyl-benzo-hydryl-o-carboxylio acid C4H4[4]CeH4 
[i]CH(0H).CeH4[2]C02H melts at 204®. Both are produced in the 
reduction of p-phenyl-benzoyl-o-benzolo acid CeH5[4]CeH4[i]CO[2] 
CeH4[i]C02H, melting at 225°, which results from the action of 
aluminium chloride upon a ligroin solution of diphenyl and phthalic 
anhydride (A. 257 , 96 ; J. pr. Ch, 2, 41 , 149). 

Dibenzyl-benzenes. — The second benzyl nucleus can be introduced 
into benzene and its homologues, containing replaceable hydrogen atoms 
attached to the nucleus, by the same reactions which were employed in 
introducing the first benzyl nucleus — i,e. by the action of zinc dust 
(B. 9 , 31) or aluminium chloride upon a solution of the benzyl chloride 
in the hydrocarbons, and by the action of sulphuric acid upon benzene 
and methvlal (B. 6, 221 ; 37 , 1467). a- and jS-Dibenzyl-benzol melt at 
86" and 78". 

Bis-amido-benzyl-resorcin (NH2C4H4.CH2)2C6H2(OH)2, m.p. 213®, 
is formed as a by-product of the condensation of p-amido-benzyl 
alcohol with resorcin by hot dilute sulphuric acid (C. 1903, I. 288). 

02-Dibenzo-hydryl-benzol CeH4(CHOHC4H5)2, m.p. 120°, from 
02-dibenzoyl-benzol by reduction with sodium amalgam. By the 
action of mineral acids it easily passes into sym. diphenyl-phthalane 

C4H44 , m.p. 96®, with expulsion of H2O. This is also obtained 

\ CH*~ 4 

synthetically from the result of the action of CgHgMgBr upon phenol 
phthalide by rejection of water and reduction (C. 1905, II. 137). 

O2-, m2-, and P2-Dibenzoyl-benzols phthalo-phenones, 

phenylene-diphenyl ketones, m.p. 146®, 100®, and 160® respectively. 
The ortho- and para-derivatives are produced by the oxidation of the 
corresponding dibenzyl-benzenes (B. 9 , 31). 

The meta- and /)flra-compounds may be obtained from meta- and 
para-phthalyl chlorides with benzene and AICI3 (B. 13 , 320), whereas 
the so-called ortho-phthalyl chloride yields diphenyl-phthalide. 

l-Amido- 2 , 4 -dibenzoyl-benzol CeH8[i]NH2[2, 4](COCeH5)2, m.p. 
138", is obtained in the form of its benzoyl compound, m.p. 156®, by 
heating one molecule aniline with three molecules benzoyl chloride by 
intramolecular atomic displacement by way of dibenzoyl amido- 
benzo-phenone (C. 1905, I. 444), 

Dibenzoyl-mesltylene (CH3)3[i, 3, 5jC6H(COCgH3)2, m.p. 117®, from 
mesitylene, two molecules benzoyl chloride, and AlC^, gives on oxida- 
tion sym. and unsym. dibenzoyl-mesltylenic acid (CeH5CO)2C3H (€113)2 
COOH, m.p. 222® and 174®, sym. and unsym. dlbenzoyl-uvitinlo acid 
(CeH5CO)2C4H(CH8)(COOH)2, m.p. 262® and 211®, and finally dlbenzoyl- 
trimesinle aeld (CeH8CO)2C4H(COOH)3, m.p. 250® (C. 1902^ II. 1181). 

III. Triphenyl-methane Group. 

Triphenyl-methanc, tolyl-diphenyl-methane, and ditolyl-phenyl- 
methane are the parent hydrocarbons from which originate the 
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anilin dyes, the malachite greens, the aurins, and phthalelns, from 
which they can be obtained by various transposition and d^omposition 
reactions. However, in no one of these instances do they constitute 
the foundation material for the technical preparation of the above- 
mentioned dyes. 

I. Hydrocarbons. — The methods of forming the triphenyl-methane 
hydrocarbons are evident if one simply makes more general those 
methods which are employed in the preparation of triphenyl-methane. 

Trlphenyl-methane CH(CeH5)8, m.p. 92° and b.p. 358®. It is 
produced : 

(1) By the action of benzal chloride upon mercury diphenyl (1872, 
Kekul6 and Franchimont, B. 5 , 907). 

(2) From benzal chloride or benzo-trichloride and benzene (a) by 
the action of zinc dust, (b) with aluminium chloride (B. 12 , 976, 1468 ; 
14 , 1526). 

(3) From chloroform or carbon tetrachloride and benzene, aided by 
AICI3 (A. 194 , 254 ; 227 , 107 ; B. 18 , R. 327). 

{4) From chloroform or benzal chloride and phenyl-magnesium 
bromide (C. 1906, II. 1262). 

(5) By the action of PgOg at 140° (B. 7 , 1204) upon benzo-hydrol and 
benzene. 

(6) From triphenyl-carbinol or its bromide by reduction (B. 37 , 
616, 1249 ; 44 , 441). 

(7) By the action of nitrous acid and alcohol upon di- and tri- 
amido-triphenyl-methane sulphate (A. 206 , 152). 

The latter reaction is of the greatest fundamental importance in 
demonstrating the connection between p-rosanilin and triphenyl- 
methane. 

Triphenyl-methane crystallised from benzene contains benzene of 
crystallisation CH(C3H5)3-i-C3H3, m.p. 75®; and from thiophene, 
pyrrol, and aniline it separates with thiophene {pyrrol, or aniline) of 
crystallisation CH(C3H5)3+C4H4S (B. 26 , 853). It is oxidised to 
triphenyl-carbinol, and is reduced with hydrogen and finely divided 
nickelat220°totricyclo-hexyl-methane,b.p.2oi40° (C. 1909, 1. 173), and by 
hydriodic acid, and some red phosphorus at 280®, to benzene and toluol. 
When heated with potassium, it yields triphenyUmethane-potassinm 
(C^}i^)^CK, which combines with COg to potassium-triphenyl acetate. 

0-, m-, p - Methyl - triphenyl - methane, diphenyl - 0 -, m-, p-tolyU 
methane (C3H5)3CH.C3H4.CH3, melt at 83®, 62®, and 71®; from the 
carbinols by reduction. The m-compound was obtained by the action 
of nitrous acid and alcohol upon leucaniline sulphate (A. 194 , 282 ; 
cp. B. 87 , 1245). The p-tolyl-diphenyl-methane is easily prepared 
from benzo-hydrol and toluol, with tin tetrachloride (B. 37 , 659). 

Diphenyl-o-, m-, p-xylyl-methanes melt at 68®, 61®, and 92® ; they 
have been obtained from benzo-hydrols with o-, m-, and p-xylol by 
means of P2O5 (B. 16 , 2360). 

Nitro-substitution Products. — m- and p-N!tro-diphenyl-methane 
N02.C4H4.CH(CeH6)2, m.p. 90® and 93®, are obtained from m- and p 
nitro-benzaldehyde, benzene, and zinc chloride (B. 21 , 188 ; 23 , 1622) 

When triphenyl-methane is dissolved in fuming nitric acid (sp. 
gr. 1-5) it forms p-trinitro-phenyl-methane CH(CeH4[4]N02)s, which 
melts at 206°. Sodium alcoholate converts the nitro-compound into 
VOL. IL 2 P 
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a deep violet-coloured sodium salt. It dissolves in alcoholic potassium 
hydroxide with a violet colour (B. 21 , 2476). On further nitration 
with nitro-sulphuric acid we obtain 03 P 3 -hexanltro-triplienyl-m 6 thane 
CH[C3H4(N03)2]3, m.p. 260® with decomposition, which, on reduction 
with dcoholic Am sulphide, yields trinitro-triamido-triphenyl-methane 
(B. 86, 2779). 

p-Trinitro-diphenyl-m-tolyl-methane (N03[4]CeH4)3CH.CeH3[4]N02 

[3]CH3. 

Amido-derivaiives are produced (i) by the reduction of the 
corresponding nitro-bodies ; (2) by reduction of the corresponding 
amido-carbinols, the colour-bases of the malachite green and rosanilin 
groups, as the leuco-dertvaiives of which they are frequently designated ; 

(3) t>y the condensation of benzo-hydrol or benzaldehyde and aniline 
hydrochloride, or dimethyl-aniline hydrochloride, with P2O5 or ZnCl2. 

(4) Mixed diamido-triphenyl-methanes are also obtained as follows : — 
Benzylidene-anilines unite with anilines to form amido-benzo-hydril- 
phenylamines : the latter, with aromatic amine salts, yield diamido- 
triphenyl-methanes (C. 1900, II. 548) : 


r H rH . vr M c.h.nh, ^ C,H,NH . c.H.CH^C.H.NH. 

C.HjCH . ► XNHC.Hj HCi ^ * * XCvH.NH, 


WTien oxidised with chloranile, or Pb02 and hydrochloric acid, etc., 
their salts change to those of the colour-bases to which malachite green 
and rosanilin belong ; they are derived from triphenyl-carbinol. 

0- Amino-triphenyl - methane (C4H5)2CHC6H4[2]HN2, m.p. 129®, 
from the corresponding amino-carbinol by reduction with zinc dust 
and glacial acetic acid (B. 37 , 3198). 

m- Amino-triphenyl-methane (CgHg) melting at 

120®, is obtained from m-nitro-triphenyl-methane (B. 21 , 189). 

p-Amino-triphenyl-methane, melting at 84®, is formed (i) from 
p-nitro-triphenyl-methane (B. 23 , 1623) ; (2) from benzo-hydrol, aniline 
hydrochloride, and zinc chloride (A. 206 , 155) ; (3) from phenyl-benzo- 
hydrylamine by heating with aniline chlorohydrate (B. 88, 1768). 

p-Dimethyl-amido-triphenyl - methane (CgHg) 2CH.C3H4[4]N (CH3) 2, 
melting at 132°, is formed from benzo-phenone chloride and dimethyl- 
aniline, as well as from benzo-hydrol and dimethyl-aniline with P2O5 
(A. 206 , 1 13), as well as from benzo-phenone, dimethyl-aniline, and 
zinc chloride (A. 242 , 341). p-Acetamido-triphenyl-methane melts at 
176® (B. 24 , 728). 

P2-Diamido-triphenyl-methane C4H3.CH(C4H4[4]NH2)2, melting at 
139®, C4H4 at 106®, the parent substance of malachite green^ is 
obtained (i) from benzal chloride and aniline with zinc dust ; (2) from 
benzaldehyde with aniline hydrochloride on heating with zinc chloride 
to 120® (B. 15 , 676), or by boiling benzaldehyde with aniline and 
hydrochloric acid (B. 18 , R. 334) ; (3) by reducing diamino-triphenyl- 
carbinol chloride with zinc dust. The diacetyl derivative, m.p. 234®, 
s sparingly soluble. 

P2 - Tetramethyl - dlamino - triphenyl - methane CeH5.CH[C4H4[4]N 
leuco-malachite green, is dimorphous, and crystallises in 
flakes, melting at 93®-94®, or in needles, which melt at 102®. The first 
modification is obtained pure by crystallisation from alcohol, the second 
from benzene. It is obtained by methylating pj-diamido-triphenyl- 
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methane, as well as by the action of benzaldehyde upon dimethyl- 
aniline. Technically, it is made by the condensation of benzaldehyde 
and dimethyl-aniline with hydrochloric or sulphuric acid (formerly zinc 
chloride or oxalic acid). By oxidation it becomes Pj-tetramethyl- 
diamido-triphenyl-carbinol, the basis of malachite green. 

By heating with BrCN, leuco-malachite green yields dimethyl- 
dlcyano-diamido-trlphenyl-methane [CHjN (CN)CjH4] gCHCeHg, m.p. 
163®, which, on saponification with HCl, yields P 2 -dimethyl-diamino- 
triphenyl-methane (CHaNH.CeHJjCHCgHj, m.p. 104® (B. 37, 637). 

0- and m-Nitro-Pa-diamido-triphenyl-methane are produced in the 
condensation of o- and m-nitro-benzaldehyde with aniline sulphate by 
means of zinc chloride. The m-body melts at 136® (B. 13, 671 ; 16 , 

1305)- 

p-Nitro-Pa-diamino-triphenyl-methane is obtained from p-nitro- 
benzaldehyde, just as the 0- and m-compounds are prepared. See 
p-Leucaniline (B. 25 , 676). 

Benzaldehyde and the nitro-benzaldehydes condense with o- and 
p-toluidin, just as they do with aniline and dimethyl-aniline (B. 18, 
2094), whereas m-toluidin and m-derivatives of aniline only react 
readily if the amido-group is methylated (B. 20 , 1563). 

Triamino-triphenyl-methanes result from the reduction of the nitro- 
and nitro-amido-triphenyl-methanes and of the triamido-triphenyl- 
carbinols. The latter are the rosanilin bases if the three amido- 
groups occur in the p-position with reference to the C(OH) group. 
Their reduction products are also called leucanilines. These are white 
precipitates, and when oxidised yield the carbinols : 

o, P|-Triamido-triphenyl-methane, or o 4 eucaniline, 

and m, p^-Triamido-triphenyl-methane, or pseudo 4 et 4 caniline, 
and pj-Triamido-triphenyl-methane, or para 4 eucaniline. 


which, upon oxidation, yield dyestuffs. That from the o-body is 
brown in colour, that from the m-body is violet, while that from the 
p-compound is para-rosanilin, p-Triamido-triphenyl-methane is also 
produced in the condensation of p-amino-benzaldehyde and aniline 
with zinc chloride ; its tris-diazo-chloride CH(CgH4.N2Cl)3, when boiled 
with alcohol, forms triphenylmethane. 

Ps-Triamido-diphenyl-m-tolyl-methane, leticaniline (NH2[4]CeH4) , 
CH.C3H8[4](CH3).NH2[3], is the leuco-compound corresponding to the 
chief constituent of rosanilin obtained by the reduction of trinitro- 
diphenyl-meta-tolyl-methane, and is also made by digesting the 
fuchsine salts with ammonium sulphide, or zinc dust and h3’^drochloric 
acid. By diazotising, and replacing the diazo-groups by hydrogen 
(best effected by dissolving in concentrated sulphuric acid, conducting 
nitrous acid into the same, and boiling with alcohol), leucaniline is 
changed into diphenyl-m-tolyl-methane. 

2. Carbinols are formed (i) by oxidising the triphenyl-methane 
hydrocarbons, and their nitro- and amido-compounds, and by many 
synthetic methods ; (2) from aryl-magnesium haloids, (a) with aromatic 
carboxylic esters or benzo-phenones (B. 35, 3024 ; 36, 406 ; 37, 663, 
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( 5 ) with other products, by the action of CO,, COS COCI,, CICOOR 
(B. 86 , loio, 3005, 3087, 3236) : 

3C,H,MgBr (C,H,),C(OH). 

(3) from triaryl-acetic acids by rejection of CO on treating with con- 
centrated HjSO, (B. 87 , 655) : 

(CeH5)jC(CeH4CH,)COOH (C,H5),C(CeH4.CH,)OH. 

Triphenyl-carbinol (QH5)3C.OH, m.p. 163°, b.p. above 360®. 
0 -, m-, and p-Tolyl-diphenyl-carbinol (CeH5)2(CeH4.CH3)C.OH, m.p. 
98®, 65®, and 74® (B. 37, 656, 992, 1245). Tri-p-tolyl-carbinol (CH3 
CeH4)3.C.OH, m.p, 96® (B. 37, 3153). 

Diphenyl-mono-biphenyl-carbinol (CeH5)2C(OH).C4H4.C3H5, m.p. 
136® ; phenyl-di-biphenyl-carbinol m.p. 151® ; 

tri-biphenyl-carbinol (C3H5.C3H4)3C.OH, m.p. 208®, see A. 368 , 298. 

The OH group of triphenyl-carbinol and its homologues is very 
reactive. Triphenyl-carbinol is easily etherified by alcohols, forming 
triphenyl-carbinol-methyl ether (CeH5)3COCH8, m.p. 82®. The ethers 
are easily saponified with acids. With bisulphites we obtain salts of 
triphenyl-methyl-sulphonic acids (C3H5)8C.S03Na ; with aniline we 
obtain triphenyl-carbinol-aniline, while aniline chlorohydrate yields 
p-amido-tetraphenyl-methane, and tetraphenyl-methane derivatives 
are similarly formed with phenol and anisol. With sulphuric acid the 
carbinols form coloured unstable acid sulphates, whose stability is 
increased with the introduction of halogen or methoxylene into the 
benzene nuclei of the carbinols (B. 38 , 1156). Especially characteristic 
are the easily crystallised perchlorates of the triphenyl-carbinols, which 
are also intensely coloured (B. 43 , 183). With pyridin and quinolin 
also, triphenyl-carbinol produces saline compounds (B. 35 , 4007). 

Triphenyl-cliloro-metliaDe, triphenyUcarhinol chloride ( 0365 ) 3001 , 
m.p. Ill®, is formed from carbinol by treatment with hydrochloric 
acid in glacial acetic acid, with POI 5 or with acetyl chloride (B. 36, 384. 
3924) ; also on heating triphcuyi-acetic chloride with concentrated 
sulphuric acid, 00 being eliminated. It is formed synthetically from 
benzene and OOI 4 with aluminium chloride (cp. 0 . 1902, I. 463). 
Triphenyl-bromo-methane, from triphenyl-methane in OS, with 
bromine in sunlight (A. 227 , no), or from the carbinol with glacial 
acetic hydrobromic acid (B. 42 , 3024). Triphenyl-iodo-methane, m.p. 
132®, by the action of iodine in OSg upon a solution of triphenyl- 
methyl. Its solutions, when exposed to the oxygen of the air, eliminate 
iodine, and form triphenyl-methyl peroxide. With excess of halogen 
the triphenyl-halogen-methanes unite to form well-crystallised per- 
haloids (C3H5)3CBr.Br5, (C3H5)8CBr.l5, (CeH5),CI.l5, etc. (B. 85 , 1831). 

The halogen is bound up in the triphenyl-halogen-methanes remark- 
ably loosely. In many respects they behave like metallic salts, their 
solutions in sulphurous acid, pyridin, and acetone conducting the 
electric current (B. 48 , 336). In the electrolysis of triphenyl-bromo- 
methane in a solution of SO,, it is split up, just like a metallic salt, into 
bromine, and the radicle triphenyl-methyl (C3H5)8C, which is partly 
transformed into the dimeric hexaphenyl-ethane (A. 872 , ii). On 
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boiling with water the triphenyl-halogen-methanes are transposed into 
triphenyl-carbinol. On treatment with silver acetate we obtain 
triphenyl-carbinol acetate (CeH5)3COCOCH8, m.p. 88® (B. »86, 3926) ; 
with potassium cyanide we obtain triphenyl-aceto-nitrile. 

Triphenyl-chloro-methane is colourless in the solid state, and dis- 
solves in SO2 with a yellow colour, being probably transposed into the 

quinoid form (C,Hj),C : In agreement with this view, the 

Pa - tribromo - triphenyl - chloro - methane can be transformed, by 
crystallisation, from sulphurous acid into the isomeric, and less 
soluble, Pa-monochloro-dibromo-triphenyl-bromo-methane with ex- 
change of a bromine and chlorine atom, the following bases being 
passed through (B. 42, 406) : 


BrC4H4\QQ 

(BrC.H4),^ 


(BrC.H4)/ 


(BrC,H4). 


CBr. 


With metallic chlorides, such as AICI3, ZnCla, SnCl4, etc., triphenyl- 
chloro-methane yields intensely coloured double compounds, which, 
like the carbinol sulphates and perchlorates mentioned above, probably 
belong to the quinoid type. With magnesium and ether, it forms the 
very unstable triphenyUmethyl-magnesium chloride (C6H5)3CMgCL By 
the action of zinc, or molecular silver, or copper, upon the benzene 
solution of triphenyl-chloro-methane with the exclusion of air, we 
obtain triphenyl-methyl and hexaphenyl-ethane respectively. By 
heating above 280® triphenyl-chloro- and bromo-methane are con- 
densed to diphenylene-phenyl-^ethane (C3H4)2CHCgH5. 

Triphenyl-methyl-amine, triphenyl’-carhinoUamine (CeH5)3C.NH2, 
m.p. 103®, is prepared by conducting dry ammonia gas into a benzene 
solution of triphenyl-carbinol bromide, chloride, or iodide (B. 17, 442, 
741 ; 35 , 1827). 

Triphenyl-methyl-anliine (C3H5)3C.NHCeH5, m.p. 144®. is also formed 
from triphenyl-carbinol by heating with aniline in glacial acetic acid 
(B. 17, 703, 746 ; 85 , 3016). A derivative of triphenyl-methyl-amine 

is the so-called dlphenyl-benzyl-sultame 

210®, formed besides phenyl-benzal-sultime in the condensation of 
pseudo-saccharin chloride with benzene and AICI 3 (B. 29, 2296). 

Trlphenyl-methyl-hydrazln (C3H5)3C.NHNH2, chlorohydrate, m.p. 
I33^» is formed, besides hydrazo-triphenyl-methane, in the action of 
hydrazin hydrate upon triphenyl-chloro-methane. With HNO3 it 

yields trlphenyl-methyl-azlde (C,H4)3CN<^^, m.p. 64®, a remarkably 

stable ester of hydrogen nitride (B. 42, 3024). 

Trlphenyl-methane-hydrazo-benzol (CeH5)3CNHNHC3H5, m.p. 137®, 
from triphenyl-carbinol chloride or bromide with phenyl-hydrazin. It 
is oxidised by HNO* to triphenyl-methane-azo-benzol (C3H5)3CN : 
NCeHg, m.p. 114° (B. 86 , 1088). 

Hydrazo-triphenyl-methane {CeH5)jC.NHNH.C(CeH5)3, m.p. 209®, 
from triphenyl-chloro-methane and hydrazin hydrate. By oxidation 
with sodium hypo-bromite it decomposes by way of the very unstable 
azo-triphenyl-methane into nitrogen and triphenyl-methyl. Bromine 01 
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iodine converts it into triphenyl-bromo- and iodo-methane respectively, 
or into the perhaloids (B. 42 , 3020). 

m- and p-Bromo-tripheny]«oarbInol, m.p. 67® and 114®, from m- and 
p-bromo-benzoic ester and C^H^MgBr. p-Trlohloro-trlphenyl-carblnol, 
m.p. 99®, from p-chloro-iodo-benzol, p-chloro-benzoic ester, and 
magnesium. p-Tri-iodo-tripbenyl-carbinol, m.p. 163®, from the tri- 
diazonium sulphate of p-rosanilin with iodo-potassium iodide (B. 
38 , 585). 

m- and p-Nltro-triphenyl-earblnol (CeH5)|C(0H)C^H4N02, m.p. 75 
and 98® ; the p-compound is obtained pure from its chloride, the con- 
densation product of p-nitro-benzo-phenone chloride with benzene 
and AICI3 (B. 21 , 190 ; 37 , 604). 

Ps-Trinitro-phenyl-carbinol (NO,[4]CeH4)8.C.OH, m.p. 171®, is pre- 
pared from pg-trinitro-phenyl-methane by the action of chromic acid 
in glacial acetic acid. It yields p-rosanilin upon reduction. 

Amido - triphenyl • carbinols. — pg-Diamido - triphenyl - carbinol and 
Pj-triamido-carbinols, of this class, deserve special consideration. 
P2-Tetramethyl-diamido-triphenyl-carbinol is the basis of malachite 
green, and pa-triamido-triphenyl^arbinol that of p-rosanilin. The free 
amido-carbinols are colourless. In contact with acids water is elimi- 
nated and colour salts result. These are also formed by the direct 
oxidation of the salts of the leuco-compounds, and pass into the latter 
upon reduction. Thus p-leucaniline hydrochloride (i) yields, upon 
oxidation, p-rosanilin chloride, from which colourless pj-triamido- 
triphenyl-carbinol is separated by bases ; hydrochloric acid converts 
this compound again into p-rosanilin chloride : 

NH,[4K«H4V/C,H,r4)NH,HCl^*iL.NH,U]C.H,V/C,H,NH,Cl,< NH,C,H4V/C.H4NH, 

nh,[43c.H4/^\h - — ►nhj4}c,h*/^\ ' -^5^nh,c.h./^\oh 

Only these mono-, di-, and tripheny 1-car binols are capable of forming 
coloured salts with expulsion of water, which contain at least one 
amido-group in the p-position. Dyestuffs are only formed if two 
p-amido-groups are present. 

With a careful transposition of the dye salts with soda solution, 
the first phase is the production of more or less unstable methylene- 
quinone-imide Ar^C : C4H4 : NR, or ArgC : C4H4 : NRgOH (cp. Methy- 
lene quinones), and in a second phase they either attach or 
transpose water and form amino-carbinols. 

These reactions, occurring even in the simplest p-amino-carbinols, 
are similarly repeated in the p-oxy-triphenyl-carbinols. According to 
this we may regard diphenyl- quino-methane as the foundation sub- 
stance for the dyestuffs of the triphenyl-methane series, which there- 
fore can be termed fuchsone on account of the most important dye 
(B. 87 , 2848) I 

{C4H4)2C : C4H4 : O : C.U, : KU (C^U,) : C.ll, 

Fuchsone [Fuchsone-imine] Fuchsone-imonium chloride. 

p-Amlno-triphenyl-earbiDol HO.C(CeH5)j.CeH4NH|, from its acetyl 
derivative formed by oxidation from acetamido-triphenyl-methane 
with PbOj. With HCl it first forms the feebly coloured or colour- 
less salts HO.C(C4H4)2C4H4NH*.Ha and C1C{C4H4)8C4H4NH2.HC1, 
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which, on heating, expel H *0 or HCl, and form the strongly coloured 
salts of the bases free from oxygen. The latter, anhydro-p-amido- 
triphenyl-carbinol (fuchsone-imine), is dimolecular and colourless in the 
free state [(CeHff)aC.CflH4 : NH],. Its salts are also obtained from the 
condensation products of p-amido-benzo-phenone with phenyl-mag- 
nesium bromide (B. 87 , 597). 

p-Anllino-triphenyl-carblnol, colourless, is formed from the anhydro- 
base, diphenyl-methylene-quinone-phenyl-imine, fuchsone-anile (see 
above) (CeHc)aC : : NCaH^, red prisms, melting at 133^-138®, by 

addition of water. For forming the latter, anilino-diphenyl-p-anisyl- 
methane (C4H5)aC(NHCflH4)C8H40CH, is heated with organic acids like 
benzoic acid (B. 87 , 608). 

p - Dimethyl - amino - triphenyl - carbinol (CH4)aN .CeH4C(OH) (C4H4)a, 
m.p. 93®, from p-dimethyl-amino-phenyl-magnesium bromide with 
benzo-phenone, or benzo-phenone chloride, dimethyl-aniline, and ZnCl, 
(B. 86, 4296; 87,2857). 

o-Amino-triphenyl-carbinol, m.p. 121®, from anthranilic ester and 
CflHjMgBr. On prolonged heating it expels water and forms phenyl- 
acridin. The chlorohydrate of carbinol chloride, on treatment with 
pyridin, gives an anhydro-compound (CxaHiaN)a analogous to the 
p-compound, m.p. 250° with decomposition (B. 87 , 3191). 

m-Amino-triphenyl-carbinol, m.p. 155° (B. 21 , 190). 

Pa-Diamino-triphenyl-carbinol (NHaC8H4)aC{OH)C6HB, colourless 
crystals, best obtained by oxidising the diaceto-diamino-triphenyl- 
me thane with MnO.^, saponification and purification of the methyl ether, 
m.p. i6i®-i 63®. On heating it splits of! water and passes into the 
unstable methylene-quinone-imine base (amino-fuchsone-imine), tlu‘ 
salts of which are purple- violet dyestuffs, resembling fuchsine (B. 
87 , 2850). 

Pg-Dimethyl-diamlno-trlphenyl-carbinol (CH3NH.C6H4) gC (OH)C6H5. 
m.p. 95®, is formed by saponifying the cyanatcd carbinol [CH3N(CN) 
CeH4]2C(OH)CeH5, generated from the corresponding triphenyl-methane 
derivative by oxidation with permanganate in acetone solution (B. 
87 , 641). 

p^-Tetramethyl-dlamido-triphenyl-carblnol CeH6.C(OH)[C4H4[4]N 
(CH3)2]2, melting at 132®, crystallises from benzene in colourless forms. 
It is obtained from its salts (malachite ^een) by precipitation with the 
alkalies and by oxidising an alcoholic solution of pj-tetramethyl- 
diamido-tripheny 1 -methane with chloranile (A. 206 , 130), and from 
p-dimethvl-amido-phenyl-magnesium bromide with benzoic acid ester 
(B. 86, 4296). 

Methyl ether CeH5C(OCH3)[CeH4N(CH3)2]2, m.p. 151® (B. 88, 3356 ; 
87 , 2867). lodo-methylate C3H5C(OCH3)[CeH4N(CH3)3l]2’f 2H2O is 
obtained by heating pj-diamido-triphenyl-carbinol and pj-tetrameth} !- 
diamido-triphenyl-carbinol with methyl iodide and methyl alcohol. 

The free base yields almost colourless solutions with acids in the 
cold ; upon standing, and more rapidly on heating, the solution acquires 
a green colour and Aen contains the green salts — malachite greens — of 
the anhydro-base of the carbinol (B. 12, 2348 ; 33 , 298). 

Malachite green, bitter almond oil green c.Hj . 
hydrochloride of the anhydro-base, is produced when zinc chloride 
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acts upon a mixture of benzo-trichloride and dimethyl-aniline, or 
upon a mixture of benzoyl chloride and dimethyl-aniline (A. 206 , 137). 

Technically, leuco-malachite green is first prepared, and its hydro- 
chloride then oxidised with lead peroxide. While benzoic acid cannot 
be condensed with dimethyl-aniline, ortho-methylated benzoic acids 
with tertiary anilines give green dyes corresponding to malachite 
green by a clean reaction (C. 1899, I. 1089). 

Malachite green, characterised by its strong colouring power, is 
usually supplied commercially in the form of its zinc chloride double 
salt (C23H25N2Cl)3.2ZnCl2+2H20, or its oxalate (C23H25N 2)23^2041^2. 

History. — Malachite green, or bitter almond oil green, was obtained 
in 1877 by O. Fischer, in the oxidation of p2“tetramethyl-diamido-tri- 
phenyl-methane. He obtained the latter compound by condensing 
benzaldehyde with dimethyl-aniline. Doebner (1878) showed how 
malachite green could be prepared from benzo-trichloride and dimethyl- 
aniline. 

Brilliant green, solid green, new Victoria green, is the tetra-ethyl 
derivative, corresponding to malachite green, which is made from 
diethyl-aniline and benzaldehyde (B. 14 , 2521). The colour is more 
yellow- tin ted than that of malachite green. 

Acid green is a dye obtained from benzaldehyde and benzyl-ethyl 
aniline by condensation, oxidation, and sulphonation. The sulpho- 
groups are in the benzyl residue (B. 22 , 588). 

Nitro-malachite greens have been prepared with o-, m-, and p-nitro- 
benzaldehydes and dimethyl-aniline as the foundation substances 
(B. 15 , 682). o-Amino-malachite green is a blue dye. The base is 
formed from the urethane of o-aminoAeuco-malachite green COOCgHg. 
NH[2]CeH4CH[C3H4 : N(CH3)2]2 by oxidation and saponification (B. 36 , 
2776). Further substituted malachite greens, see B. 39 , 2041. 

0, p m, p'-, 0, m'- and m, m'-Tetramethyl-diamino-triphenyl-car- 
binol, m.p. 170®, 140°, 184°, and 129® respectively, have been obtained 
from the corresponding amido-benzo-phenones by transformation 
with QH^MgBr or {CH^) (A. 354 , 195). 

Triamido-triphenyl-earbinols. — Pi^Tf iamido-triphenyUcarbinol, p^~ 
iriamido-diphenyl-m-tolyl^carbinol, and their methyl, ethyl, benzj^l, and 
phenyl derivatives, are of the highest importance in the coal-tar colour 
industr3\ Their salts, with one equivalent of acid, hydrochloric or 
acetic, constitute the group of rosanilin dyes in the more restricted 
sense. Like malachite green, the rosanilin dye substances are free 
from carbinol oxygen, as the salt formation is accompanied by an 
intramolecular anhydride formation. The carbinols separated from 
these salts by alkalies are colourless, but turn red on exposure to the 
air. Careful treatment of p-rosanilin with sodium hydroxide yields 
first a polymeride of the methylene-quinone-imine base (of p^-diamino^ 
fuchsone-imine, free from oxygen) in feebly tinted needles. On heating 
P3-triamino-triphenyl-carbinol in a current of hydrogen to 200®, a base, 
a^ free from oxygen, forms as a red amorphous mass, which, with 
acids, regenerates para-rosanilin quantitatively (B. 87 , 1183, 2867). 
This process may be represented as follows : 

(NHgC,H*),C(OH)C,H4NH, [(NH,C.H4),C : C^H, : NH]x (NH,C.H4),C ; C.H* : NH.CL 

Foehstaie is the dyestuff produced in the oxidation of a mixture of 
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aniline, o-toluidin, and p-toluidin. (“ Aniline oil for red,”) Rosanilin 
is the chief ingredient of fuchsine. It is the hydrochloride or acetate 
of anhydfo-p^-triamido-diphenyl-nhiolyl-carbinol C2oHj^N8.HCl+4H20 
or C20HJ9N3.C2H4O2. The mon-acid salts combine with two addi- 
tional equivalents of acid, forming yellowish-brown coloured salts, 
which water decomposes into the stable mon-acid salts with intense 
colours. These are applied as dyes. They are mostly readily soluble 
in water and alcohol, and crystallise in metallic greenish crystals. 
Their solutions are carmine-red in colour, and stain animal tissue 
directly violet-red, while vegetable fibre (cotton) must first be mor- 
danted (tannin). 

The mono- and tri-acid salts of rosanilin, on taking up four mole- 
cules HCl, NHg, or HgO, become colourless additive compounds, which 
easily split off the added substances and reproduce the dyes (A. Chim, 
Phys, 8, 7 . 195). 

Fuchsine combines with sulphurous acid, forming the readily 
soluble, colourless fuchsine-sulphurous acid. 

Aldehydes impart a red colour to this solution, which serves as a 
reagent for them. 

Oxidants used with red oil are stannic chloride (Verguin, 1859), 
mercurous and mercuric nitrates, arsenic acid at i8o®-20o° (Medloc, 
Nicholson, Girard, and de Laire, i860) ; nitro-benzol with a little 
ferrous chloride or ammonium vanadate at i8o°-i90°, when the half 
of the red oil is applied as hydrochloride (Coupier, 1869 ; cp. B. 6, 
25, 423, 1072). 

In the arsenic acid method the fuchsine is obtained in the form of 
arsenites, which are then converted into the chlorohydrate or acetate, 
and obtained free from arsenious acid by recrystallisation. 

The nitro-benzol method yields immediately a fuchsine which is not 
poisonous. The nitro-benzol only acts as an oxidant, without entering 
into the fuchsine formation at all. 

Fuchsine is not formed either from aniline or from p-toluidin, or 
from o-toluidin alone. Even a mixture of aniline with o-toluidin is 
not oxidised to fuchsine. However, not only a mixture of aniline 
with o- and p-toluidin yields fuchsine, but in the oxidation of a mixture 
of aniline and p-toluidin a dye, with the properties of fuchsine, called 
para-rosanilin, is produced. This is also present in small amount in 
the fuchsine made from aniline and o- and p-toluidins ; whereas the 
principal constituent of ordinary fuchsine consists of the next higher 
homologue of para-rosanilin, namely, rosanilin (B. 13 , 2204). 

By-products in the Formation of Fuchsine. — ^The fuchsine solution 
contains, in addition to 34 per cent, of fuchsine, other \dolet and brown 
dyes : mauvanilin, violanilin, substances belonging probably to the 
indulins, and other less thoroughly investigated substances, as well as 
slight amounts of a yellow acridin dye, known as phosphin or chrysanilin. 

History of the Recognition of the Constitution of Rosanilin and Para- 
rosanilin. — A. W. Hofmann was the first person to engage in a scientific 
study of fuchsine. He began his investigations in the sixties, and was 
led, as a consequence, to present a formula for fuchsine and its funda- 
mental dye-base. He became acquainted with numerous derivatives 
of fuchsine, especially the methyl and ethyl violet fuchsines. He 
assumed that the nitrogen atoms held together the radicles in the 
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fuchsine molecule. However, Kekul6 (1867) argued for the possibility 
that the methyl groups of the toluidin molecules, necessary for the 
production of fuchsine, afforded the connection. K. Zulkowslcy (1869) 
assumed the presence of three amido-groups in fuchsine, and considered 
it a derivative of a hydrocarbon with the formula C19H34. Gradually, 
however, the conviction grew that fuchsine sprang from a higher 
aromatic hydrocarbon. This idea had its basis or origin in the experi- 
ments of Wanklyn, Caro, Graebe, Dale, Schorlemmer, and others, 
which, in the main, established the relationship of fuchsine to rosolic 
acid. The “ keystone to that extended series of experimental and 
speculative investigations was the conversion (1878) of para-rosanilin, 
prepared by the oxidation of aniline and p-toluidin, into triphenyl- 
methane. This was the work of Emil and Otto Fischer. The hydro- 
carbon prepared by them from rosanilin, the chief constituent of 
fuchsine, proved to be diphenyl-m-tolyl-methane. 

Triphenyl-methane (4) is formed in the decomposition of the tri- 
diazo-sulphate of para-leucaniline with alcohol. In the diagram the 
formula of the tridiazo-chloride (3) of para-leucaniline (2) is used for 
the sake of simplicity. Concentrated nitric acid converts triphenyl- 
methane into pa-trinitro- triphenyl-methane (5), which, upon reduction, 
\nelds pa-triamido-tripheny 1 -methane or para-leucaniline (2). The 
latter, by oxidation, is converted into pa-trinitro-triphenyl-carbinol (6). 
On oxidising para-leucaniline with arsenic acid, or by reducing Pa-tri- 
nitro-phenyl-carbinol with acetic acid and zinc dust, para-rosanilin 
(1) results. The following diagram illustrates this series of reactions, 
which were carried out, beginning with rosanilin itself (A. 194 , 242) : 


( I ) . C , H ,[ 4 ] NH , 

►C^C,H4[4]NH, 

I NC.H4r4JNH.Cl 

! j t 

(6) X.H4[4]N0, 

C(0H)^C.H4:4]N0.^^ 

\C.H4[4]N0, 


( 2 ) /C,H 4 [ 4 lNH 4 IICl 
CH— C.H4l4]NH2 HCl— ► 
^'C,H4r4]NHi.HCl 

(5) /C,H4[4]N0, 

CH^C,H4[4]N0,.. 

\C,H4[4]N0. 


(3) /C.H.UlNiN.Cl 
CH -C,H4[4]N:N.C1 
^ C,H4[4]N:N.C1 

(0 

CH -C.H,. 

C.H. 


Para-rosanilin is produced by oxidising a mixture of aniline and 
p-toluidin according to the arsenic acid or nitro-benzol method. The 
reaction may be imagined to proceed in that a molecule of p-toluidin 
is oxidised to p-amido-benzaldehyde ; the latter then condenses with 
two molecules of aniline to para-leucaniline or pj-triamido-triphenyl- 
methane, from which, finally, para-rosanilin results by oxidation. 

When working with small quantities, the most convenient way of 
oxidising aniline and p-toluidin to para rosanilin consists in using 
mercuric chloride (B. 24 , 3552). An interesting formation of para- 
rosanilin is that of heating aniline with carbon tetrachloride to 230®, 
when the latter furnishes the linking carbon atom. The hydro-iodhde 
of para-rosanilin results by using iodoform CHI3. 

Para-rosanilin is further formed by the reduction of pj-trinitro- 
triphenyl-carbinol (see above) ; by heating yj-nitro-diamido-triphenyl- 
methane with ferrous chloride (B. 15 , 678) ; triamido-triphenyl-car- 
binol is also formed by moderated reduction of p-nitro-diamido- 
triphenyl- methane, inasmuch as the diamido - diphenyl - methane- 
phenyl-hydroxylamine (C4H4NHj)jCH.CeH4.NHOH, formed at first, 
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rearranges itself (B. 80 f R.32). Cp.alsotheactiOT of NaOH upon nitre- 
diamido-triphenyl-methane (C. 1897, II. 416) ; it is also obtained from 
formaldehyde, aniline, and phenyl-hydroj^lamine (C. IL 1064) ; 
and, further, by heating p-diamido-diphenyl-methane wi& aniline and 
some oxidising agent (B. 25 , 302) ; by heating p-nitro-benzal chloride 
with aniline (B. 18 , ggy ) ; and by heating aurin to 120'’ with aqueous 
ammonia (B. 10 , 1010, 1123). 

Nitrous acid converts it into aurin Triphenyl-carbinol results 
when para-rosanilin diazo-chloride is decomposed with finely divided 
copper (B. 26 , 2225). At i8o®~200® para-rosanilin is converted, by 
concentrated hydriodic acid, into aniline and p-toluidin. Evidence 
favouring the p-position of the two amido-groups is found in the con- 
version of p-rosanilin, by boiling hydrochloric acid, into pg-diamido- 
benzo-phenone, which is also obtained from p-diamido-triphenyl- 
methane, the condensation product of benzaldehyde with aniline. 
Para-leucaniline, the reduction product from para-rosanilin, is also 
formed by the reduction of pj-nitro-diamido-triphenyl-methane. The 
P“position of the three groups in the latter compound follows from the 
fact that it is produced by the same condensation reaction from p-nitro- 
benzaldehyde and aniline by which p-diamido-triphenyl-methane is 
made from benzaldehyde and aniline. 

The rosanilin salts give a deeper blue shade than the salts of para- 
rosanilin (B. 15 , 680). 

Homologous rosanilins have been prepared by the oxidation of a 
mixture of aniline and unsym. meta-xylidin (B. 15 , 1543), by condensa- 
tion of p-nitro-benzaldehyde with o-toluidin, reduction and oxidation 
of the resulting condensation product (B. 15 , 679), and by the condensa- 
tion of p-nitro-dimethyl-amido-benzo-hydrol with m-toluidin, etc. 
(B. 24 , 553). 

Rosanilin-sulphonic acid, acid fuchsinCf fuchsine S, is produced in 
the action of fuming sulphuric acid at 120® upon rosanilin. Nucleus- 
substituted fuchsines, see C. 1909, II. 362. 

Alkylic Para-rosanllins. — ^The introduction of methyl residues into 
the amido-groups of rosanilin produces violet dyes — methyl violet. The 
violet colour assumes a deeper blue tint with the increase of methyl 
groups. These dyes are made by methylating para-rosanilin and by 
oxidising dimethyl-aniline. The methyl violets are reduced to leuco- 
compounds when they are heated with ammonium sulphide to 120*^. 
Boiling hydrochloric acid resolves them into dimeth}l-aniline and 
methylated p-diamido-benzo-phenones (B. 19 , 108). 

Hexamethyl-para-rosaniliii, crystal violet [(CH3)2N.CeH4]2.C=HCe 
==N(CH3)2C1, is distinguished from the lower methyl derivatives by 
great power of crystallisation. It forms one of the principal con- 
stituents of methyl violet, and is produced (i) by the condensation 
of pj-tetramethyl-diamido-benzo-phenone and dimethyl-aniline with 
dehydrating agents : 

^2) By heating dimethyl-aniline with COCl, and AlCl, or ZnCl, 
(B. 18 , 767 ; R. 7 ). Formic acid, formic ester, chloro-carbonic ester, 
perchloro-methyl-mercaptan, CSCl,, etc., act the same as phosgene 
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(B. 19 , 109) ; (3) by oxidation of pj-tetramethyl-diamido-diphenyl- 
methane together with dimethyl-aniline ; (4) by heating its methyl 
chloride or iodide to iio®-i20® ; (5) by oxidising its leuco-base. 

p, - Hexamethyl - triamido - trlphenyl - carbinol, crystal-violet base 
C(0H)[C,H4[4]N(CH,)9],, melts at 195®. It is also formed by condensa- 
tion of p-diimethyl-phenyl-magnesium bromide with pa-tetramethyl- 
diamido-benzo-phenone (B. 86, 4297). Tribromo-hydrate, see B. 
88, 753 - 

p,-HexamethyI-trlamIdo-triphenyl-methaD 6 , leuco-crystal violet 
CH[CaH4[4]N(CH,)J„ melting at 173®, results by the reduction of 
crystal violet, by the condensation of ortho-formic ester and dimethyl- 
aniline with ZnCla, and by the condensation of pa-tetramethyl-diamido- 
benzo-hydrol with dimethyl-aniline. Also by condensation of prussic 
sesqui-chlorohydrate with dimethyl-aniline, by way of tetramethyl- 
diamido-benzo-hydrylamine (C. 1900, I. 239). 

Methyl violet is a mixture of hexamethyl-para-rosanilin with lower 
methylated derivatives (B. 19 , 107). It is produced in oxidising 
dimethyl-aniline, alone or when mixed with monomethyl-aniline, with 
iodine or chloranile, copper sulphate or chloride. When copper chloride 
is used it is advisable to add acetic acid or phenol. 


Pentamethyl violet CitHiaN,(CH,)4HCl is formed by oxidising 
p, - pentamethyl - triamido - triphenyl - methane [(CH,)2NCflH4]9CH.C8H4 
^4]NH.CH„ melting at 116®. The latter can be isolated from the 
reduction-product of commercial methyl violet, a mixture of penta- 
and hexamethyl violet, by means of the acetyl derivative. This, when 
oxidised, yields a green dyestuff (B. 16 , 2906). 

Tetramethyl ^olet is formed by oxidising Ps-amldo-tetramethyl- 
diamido-triphenyl-methane, molting at 152®. The latter is a tetra- 
methyl-para-leucaniline NH2[4]CgH4CH[CeH4[4]N{CH3) 2] 2, produced 
in the reduction of p-nitro-malachite green. Its acetyl derivative, like 
that of pentamethyl-leucaniline, yields a green dye upon oxidation. 


Methyl green, methyl chloride of hexamethyUpara-^rosanilin chloride 
C1(CH3)3N[4]C,H4C<( is produced when methyl chloride 


acts upon an alcoholic solution of methyl violet heated to 40®, sodium 
hydrate being gradually added. 

Alkylated Rosanilins. — Wlien rosanilin is heated with methyl 
iodide, methyl chloride, ethyl iodide or chloride, and methyl or 
ethyl alcohol, three amide hydrogen atoms are replaced by methyl 
or ethyl radicles. The methyl base yields reddish-violet-coloured salts, 
and the ethyl base pure violet (Hofmann's violet, dahlia) ; these 
dissolve with difficulty in water, but dissolve easily in alcohol. 

The violet dyes, by the addition of more methyl or ethyl groups, 
yield tetra - alkylic rosanilin iodides, which are capable of adding 
another molecule of methyl or ethyl iodide and forming iodine greens 
— i.e, iodchfnethylate of tetramethyUrosanilin iodide C3oHie(CH8)4N8l. 
CH8I+H80, which has been displaced in the dye industry by methyl 
green (see B. 28 , 1008). 

Aldehyde green (Us^be, /. pr, Ch,, 92 , 337), another green rosanilin 
dye, has been prepared by heating rosanilin with aldehyde and sul- 
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phuric acid, and by further action of sodium hyposulphite. The most 
recent opinion is that in this reaction an aniline group has been changed 
to quinaldin, while the other two groups have occasioned the forma- 
tion of aldol-aniline residues, which latter then add sulphur, just as is 
done by aldol-aniline itself (cp. B. 24 , 1700 ; 29 , 60). 

Phenylated para-rosanlllns.— Just as methyl violet is prepared from 
dimethyl-aniline by means of COClg, etc., so 

Dlphenylamine blue can be obtained by heating diphenylamine with 
carbon hexachloride CjCle or oxalic acid to 120°. It is identical with 
triphenyl-para-rosaniUn C(OH)(CeH4.NH.C6H5)3 (B. 23 , 1964), obtained 
by the action of aniline upon para-rosanilin. By heating trianisyl- 
carbinol with aniline and benzoic acid we obtain the benzoate of the pure 
dye base ; the latter is called dianilino-tuchsone-anile (QH5NH.C3H4) gC : 
CeH4 : NC4H5 ; it is a black crystalline powder, m.p. 238°, which on 
taking up water yields the colourless Ps-trianilino-triphenyl-carbinol, 
and, by reduction, trianilino-triphenyl-methane (B. 37 , 2870). 

At present it is only the sodium salts of its mono- and disulpho- 
acids which are applied as alkali blue and water blue in dyeing. 

Perchloro-formic ester CClOgCClj, in a similar manner converts 
diphenyl-methylamine (CgHg) 2N.CH3 into trimethyl-triphenyl-para- 

rosanilin C(OH)(c,H4.n<^^^ (B. 19 , 278). Phosgene converts 

triphenylamine into the hydrochloride of hexaphenyl-para-rosanilin 
C(OH)[CeH4.N(CeH6)2]3 (B. 19 , 758). Tricarbazol-carbinol C(OH) 
(Ci2H7NH)3 (B. 20 , 1904), is produced by heating together carbazol 
or diphenylimide and oxalic acid. It is analogous to the triphenyl- 
amine derivative. 

Phenylated rosanilins are obtained by heating rosanilin hydro- 
chloride with aniline or toluidins, or the free base vdth aniline and some 
benzoic acid. The triphenyl-rosanilin hydrochloride C2oHie{C3H5)8N8. 
HCl appeared in commerce as aniline blue, a bluish-brown crystalline 
powder, with copper lustre, soluble in alcohol but not in water. To 
dissolve it in the latter, sulpho-salts are prepared, which exhibit different 
shades of blue {soluble blue), corresponding to the number of sulpho- 
groups in them. At present diphenylamine blue, and other dyes, have 
taken its place. Diphenylamine results on distilling triphenyl- 
rosanilin. 

By converting rosanilin, by means of the tridiazo-compound, into 
the trihydrazin derivative, there results roshydrazin C(OH)(C8H5.NH. 
NH2)8 ; this, by condensation with aldehydes and ketones, yields red 
and blue dyestuffs (B. 20 , 1557). 

Other hexamethyl-triamino-triphenyl-carbinols have been obtained 
by transposition of the dimethyl-amido-benzoic esters with dimethyl- 
aniline-magnesium iodide (CH3)2NC8H4MgI (A. 354 , 200). 

3. Phenol Derivatives of the Triphenyl-methanes, — The phenol deriva- 
tives of the triphenyl-mcthanes are produced (i) from the correspond- 
ing amido-compounds through the diazo-derivatives ; (2) by condensa- 
tions similar to those of the amido-compounds if phenols be substituted 
for the anilines ; (3) by the reduction of the phenol-carbinols into 
which they are changed by oxidation. 

Monoxy-triphenyl-methanes . — o-Oxy-trlphenyl-methane (C8H5)8CH. 
C8H4[2]0H, m.p. 124®, from o-amido-triphenyl-methane (A. Ml, 367) 
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or the carbinol by reduction. m-Oxy-trtpheiiyl-iiietlitiia, m.p. xo6* (A. 
854t 171 ). p-Oxy-trlphenyl-metliane. m.p. no®, and o-loreiyMlpliaiiyl- 
methane (CeH5),CHCeH8[3]CHa[4]OH, m.p. 100®, from the carbinols 
or from benzo-hydrol with phenol and o-cresol rcsp^tively and 
SnCla (B. 86, 3137 ; 86, 3561). By condensation of sdicyl-aldehyde 
and anisaldehyde, mth aniline sulphate, or dimeAyl-aniline, and ZnCl ,, 
oxy-dlamido-trlphenyl-methanes have been obtained (B. 14, 2522 ; 16, 

1307). 

The dl- and trioxy-tiiphenyl-methanes yield, on oxidation, di- and 
triphenol -carbinols, which, as a rule, possess the character of dye- 
substances. Carbinols in which two benzene nuclei are hydroxylated, 
and which correspond to the malachite-green compounds, are termed 
benzeins, and the corresponding dioxy-triphenyl-methanes, leuco- 
benzelns ; whereas the derivatives with three hydroxylated benzene 
nuclei are called aurins or rosolic acids, while corresponding trioxy- 
triphenyl-methanes are designated as leucaurins or leuco-rosalic acids. 

P 2 -Dioxy-trlphenyl-methane, leuco-benzetn, leuco-benzaurin C^Hg. 
CH(QH4[4]0H)2, m.p. 161®, is obtained (i) from pj-diamido-triphenyl- 
methane (A. 206, 153), (2) by reducing benzaurin (A. 217, 230), as 
well as (3) by the condensation of benzaldehyde and phenol witli 
sulphuric acid (B. 22, 1944). It melts at 161°. 

Dioxy-dimethyl-triphenyl-methane CeH6CH[CgH3(OH)CH3], melts 
at 170® (A. 257. 70). Phenyl-dithymol-methane melts at 166®. 

See B. 24, R. 502, for the condensation of m-nitro-benzaldehyde 
vdth phenols. 

Pg - Trloxy - triphenyl - methane, leucaurin [iripkenylol - methane] 
CH(CeH4[4]OH)3, is obtained in the reduction of aurin, its carbinol 
anhydride, by means of zinc dust and sodium hydrate or acetic acid. 
It crystcillises in colourless needles, which become coloured on exposure 
to the air (A. 166, 286 ; 194, 136 ; 202, 198). The triacetate melts at 
138® (B. 11, 1117). 

Ps-Trianlsyl-methane (CH80[4]C3H4)3CH, m.p. 45°-47®, from anis- 
aldehyde and anisol with glacial acetic-sulphuric acid (B. 85, 1197). 

Leuco-rosolic acid (HO[4]C3H4)2.CH.r4H3[4]OH[3]CH3, results from 
the reduction of rosolic acid. Its triacetate melts at 148° (A. 179, 198). 

III. A. Phenol Derivatives of Triphenyl-carbinol. 

These substances are formed by the oxidation of the oxy-triphenyl- 
methanes or their ethers. They may also be produced by the direct 
synthetic methods applicable to all triaryl-carbinols. 

The p-hydroxylated triaryl-carbinols spUt off water more or less 
easily, turning into methylene-quinones or diaryl-quino-methanes. 
From p-oxy-triphenyl-carbinol we obtain, on heating, diphenyl-quino- 
methane, which may be regarded as the root-substance of the dye- 
stuffs of the triphenyl-methane series ; 

(CeHg)2C(OH)C3H4[4]OH (CeHg)2C : C.Hg : O 

pOxy-tripbcny]>carbmol Diphenyl-quino^methane, fuchsone. 

A. TriphenyUcarbinols hydroxylated in a Benzene Nucleus. — 0-Oxy- 
triphenyl-earbinol, m.p. 140°, from salicylic ester and phenyl-magnesium 
bromide. It turns into phenyl-xantbone on distillation in a vacuum. 
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m^Oxy-trlphenyl-earbinol, m.p. 148^ (A. 864 , 167). p-Oxy-trtphenyl- 
earbinoL Two modifications, melting at 139® and 165° respectively, 
from p-oxy-triphenyl-acetic acid by expulsion of CO with H,S04 ; 
also from the methyl ether, p-anisyUdiphenyUcarhinol, m.p. 84®, the 
condensation product of anisic acid ester with phenyl-magnesium- 
bromide. p-Oxy-triphenyl-carbinol, and p-methoxy-triphenyl-carbinol 
chloride, on heating to 200°, expel H2O and CH3CI respectively, forming 
diphenyl-quino-methane, fuchsone, orange crystals, m.p. 168°, which 
easily takes up water and reverts into the carbinol. Oxy-dlbromo- 
trlphenyl-carbinol ; diphenyl-dibromo-quino-methane, from diphenyl- 
o-cresol-carbinol ; diphenyl-methyl-quino-methane (B. 36 , 3558). 

Diphenyl-quino-methanes are also produced by the condensation of 
diphenyl-ketene with excess of quinones, by splitting off CO, from 
the j3-lactones first formed. 

2, 5 -Dioxy-triphenyl-carbinol, m.p. 136®, from gentisinic ester and 
CgHfiMgBr. 2, 4 -Dioxy-triphenyl-carbinol, m.p. 124°, from benzo- 
resorcin and CgHgMgBr. 3 , 4 -Dioxy-triphenyl-carbino], by condensa- 
tion of benzo-phenone chloride and pyro-catechin by means of con- 
centrated H2SO4. On heating it expels water, and forms 3 -oxy- 
fuchsone, m.p. 123® (A. 372 , 82). 

B. Benzeins (see above) are produced by the condensation of 
benzo-tnchloride with mono- and polyhydric phenols, in which the 
para-position with reference to a hydroxyl group is not substituted 
— e,g. o- and m-cresol, resorcinol, and pyro-catechin (but not p-cresol, 
hydroquinone, etc.) (B. 23 , R. 340). They are also formed when 
their leuco-compounds, the corresponding oxy-triphenyl- methanes, 
are oxidised. 

The benzeins are generally red-coloured compounds with metallic 
lustre. They dissolve on boiling with sodium bisulphite ; acids 
precipitate them. Alkalies dissolve them with the formation of red 
or violet-coloured salts. The carbon dioxide of the air decomposes 
the latter. 

P2-Dioxy-trlphenyl-earbinol, phenol-benzeln, henzaurin 

C,H5.C<^ • * Qj. is produced in the condensation of 

I I — u 

benzo-trichloride and phenol (similar to the formation of malachite 
green) (A. 217 , 223), and by the oxidation of p-dioxy-triphenyl-methane, 
into which it passes upon reduction. It is a brick-red, crystalline 
powder. It breaks down, when fused with alkalies, into benzene and 
dioxy-benzo-phenone, and this latter decomposes further into para-oxy- 
benzoic acid and phenol. Its diaceiate melts at 119°. Dimethyl ether, 
phenyl-p2-dianisyl-carbinol, m.p. 77®, from phenyl-dianisyl-methane, 
the condensation product of benzaldehyde and anisol, yields, on boiling 
with dilute sulphuric acid, benzaurin (B. 36 , 2791). 

Pj-Dioxy-mg-dimethyl-triphenyl-carblnol, o-cresol benzetn C^Hj. 
C(OH).[CeH3[3]CH3[4]OH]2. melts at 220®-225® (A. 257 , 69). Further, 
dioxy-triphenyl-carbinols have been obtained from the corresponding 
dioxy-benzo-phenones with phenyl-magnesium bromide (A. 854 , 177). 

The 00 -dloxy-triphenyl-carblnols are only known in the form 

of their anhydrides, the phenyl-xanthydrols 

Special interest attaches to the phenyl-xanthydrols, hydroxylat^ or 
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amidated in the p*position, with r^ard to the central carbon atom, 
which split off water spontaneously and pass into the quinoid . PhmyU 

r[6]^®andphenyl-fluorimes , 

^ Xh,/nh’ 

the root-substances of the fluorescein and rhodamin dyes. The solu- 
tions of these compounds in alkalies or acids show a strong fluorescence. 

yC H V 

Phenyl-fluorone chrome-red needles, m.p. 207® 

is formed from the 4-amido-phenyl-fluorone by eliminating the amido- 
group, and by condensation of 4-methoxy-xanthone with CgHgMgBr 
and ^ponification of the methoxyl group with AlCl,. It is insoluble in 
alkalies, but soluble in acids. By alcoholic potash the solution is made 
colourless, and the carbinol is formed (A. 372 , 293). 8- and 5 -Oxy- 
pbenyl-xanthydrol, m.p. 170® and 162® respectively, are similarly 
formed from 3- and 5-methoxy-xanthone. 

Resorein-benzein, Jt-oxy-phmyl-fluorone No, is 

N>C,rl3( : O)— ./ 

formed when water acts upon the reaction product of resorcinol and 
benzo-trichloride (A. 217 , 234), and when ZnClg acts upon benzoic acid 
and resorcin (J. pr, Ch, 2, 48 , 387). Also from 4-amido-phenyl- 
fluorone by way of the diazo-compound (A. 372 , 294). Dinitro- 
resorcin-benzein, see B. 26 , 2064. 

vic-Resorcin-benzeIn, 2,2'~dio xy^phe nyl - xanthydrol 
from 2, 2'-dioxy-xanthone and C^HgMgBr 

(A. 372 , 132).* 

Hydroqulnone-benzein, 3, ^'-dioxy-phenyUxanthydrol, is obtained 
from 3, 3'-dimethoxy-xanthone and phenyl-magnesium bromide with 
subsequent saponification (A. 372 , 141), or by the condensation of 
benzaldehyde and hydroquinone by means of concentrated H2SO4 and 
oxidation of the resulting xanthene derivative with FeClj (A. 372 , 301). 
Oxy-hydroquinone-benzein, phenyl-trioxy- fluorone 

by condensation of benzaldehyde and oxy- 

hydroquinone with sulphuric acid (B. 87 , 1171). 

C. A mido - oxy - tnphenyl - carbinols . — 4 - Amido - phenyl - fluorone 

C,Hj ni,p. 305®, deep-red needles, obtained in the form 

of its acetyl compound by condensation of N-acetyl-m-amido-phenol 
with benzo-trichloride besides 4 , 4 -diacetamido-phenyl-xanthydrol, m.p. 
248® (A. 372 , 322). 

Rosamines. — These are the alkyl compounds of 4-amido-phenyl- 
fluorime. They are formed when monoalkylic and dialkylic o-amido- 
phenols act upon benzo-trichloride. While the benzeins from phenols 
are very feeble dyes, whose alkali salts are even decomposed by carbon 
dioxide, the hydrochlorides of the rosamines are red and violet dyes, 
having great similarity to the rhodamines, possessing a blue tint and 
a redder fluorescence (B. 22 , 3001). They also result on heating re- 
sorcinol benzein with ^methyl- and diethyl-aniline. 

The simplest, rosamine, 4 -amtdo-phenyl-fluorime 

^ obtained in the form of its chlorohydrate 
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in red needles, from the 4, 4- diacetamido - phenyl - xanthydrol by 
boiling with HCl (A. 872 , 316). 

/[ 4 ]N(CH 3 ), 

Rosamlne chloride maybe obtained from 

‘ '{[ 4 ]=N(CH 3 ).C 1 

bcnzo-tnchloride and dimethyl-amido-phenol. Red and blue mordant 
dyes are obtained by the condensation of proto-catechu-aldehyde with 
dialkyl-m-amido-phenols and with diakyl-anilines : proto-red (leuco- 
compound) (HO)2CeH3CH[C3H3(OH)N(CH3)2]2 and proto-hlue ^euco- 
compound) (H02)CeH3CH[C3H4N(CH3)2]2) (B. 38 , 2913). 

D. Aurins and Rosolic Acids. — These compounds correspond 
perfectly to the rosanilins. The free Pa-trioxy-triphenyl-carbinols are 
not known. When freed from their salts they sustain an intramolecular 
anhydride formation. 

These carbinol anhydrides are yellow in colour ; their alkali salts 
dissolve in water, with a red colour. They are incompletely fixed by 
the fibre of the material, and are only applied in the form of lakes in 
the paper industry. 

Aurin, para-rosoUo acid, ydlow corallin jr 

is produced (i) on boiling the diazo-hydrochloride of para-rosanilin 
with water (A. 194 , 30T) ; (2) by the condensation of p-dioxy-benzo- 
phenone-chloride with phenol (B. 11 , 1350) ; (3) by the condensation 
of phenol with formic acid on heating with zinc chloride (/. pr. Ch., 
2, 23 , 549) ; and (4) by heating phenol (i part) with oxalic acid (§ part) 
and sulphuric acid part) to i3o°-i5o® (A. 202 , 185). For the 
by-products arising when aurin is prepared by method 4, and for 
its separation from the same, see A. 194 , 123 ; 196 , 77 ; B. 28 , 
R- 743 - 

Aurin dissolves in glacial acetic acid and alcohol with a yellowish- 
red colour, crystallises in dark-red needles or prisms with metallic 
lustre, and decomposes when heated above 220®, It dissolves in 
alkalies with a fuchsine-red colour. With the primary alkaline 
sulphites it readily yields colourless, crystalline derivatives, decom- 
posable by acids and alkalies. Aurin forms crystalline compounds 
with hydrochloric acid. Water decomposes them. Digested with 
zinc dust and hydrochloric acid or acetic acid, aurin is reduced to 
leucaurin or pj-trioxy-triphenyl-methane. Heated to 250° with water, 
it breaks up into P2-dioxy-benzo-phenone and phenol. 

Aurin is changed to para-rosanilin when it is heated with aqueous 
ammonia to 150°. An intermediate product (having i or 2 amide 
groups) is the so-called peonine (red corallin). Wth aniline we obtain 
triphenyl-para-rosanilin, and the intermediate product is azulin. 
Consult B. 29 , R. 510, for isomeric acetyl-aurins. Dimethyl-aurin, m.p. 
i83®-i 86®, is easily formed by methylation of aurin with diazo-methane 
in ether suspension (M. 29 , 653). 

Pj-Trianisyl-carbinol (CH30[4]CeH4)3C0H, m.p. 84®, colourless 
crystals, from pj-trianisyl-methane with PbOg ; its OH group is more 
capable of reaction than that of triphenyl-carbinol. It even transposes 
to trianisyl-aceto-nitrile with prussic acid. O3-, m3-, and Ojp-Trianisyl 
carbinols, m.p. 181°, 119®, and no® respectively, have been prepar^ 
VOL. II. 2 Q 
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from the magnesium compounds of o- and m-iodanisol with o-, m-, 
and p-methoxy-benzoic ester (B. 85 , 3024). 

Rosolic acid QoHuO, is the inner anhydride of p^-irioxy-diphenyU 
m-tolyUcarbinol. Rosolic acid, like aurin, is obtained by boiling the 
diazo-chloride of rosanilin >iith water (A. 179 , 192) and by oxidising 
a mixture of phenol and cresol, CeH4(CH,)OH with arsenic acid and 
sulphuric acid, whereby the linking methane carbon is furnished by 
the methyl group. Wlien rosolic acid is digested with alcohol and 
zinc dust, it is reduced to leuco-rosolic acid, from which it is obtained 
by oxidation (B. 26 , 254). 

Trioxy-aurin Ci9Hi40^ results from the interaction of ZnClg, pyro- 
catechin, and formic acid (B. 26 , 255). Resaurin Ci9Hi40e is similarly 
prepared with resorcin {], pr. Ch. 2, 23 , 547). Orcin-aurin 
(/. pr, Ch, 2, 25 , 277 ; B. 13 , 546). o-Amino-aurin, see B. 40 , 3588. 

Eupittonic acid, eupition, hexamethoxy-aurin CiyH^(0CH3)903, is 
produced by oxidising a mixture of the dimethyl ester of pyrogallic 
acid and methyl-pyrogallic acid. It is, therefore, an aurin in which 
six methoxyl groups are present. It forms orange-yellow crystals, 
melting with decomposition at 200®. It dissolves with a deep blue 
colour in alkalies, yielding salts which are precipitated by excess of 
alkali (B. 12 , 2216). Reichenbach (1835) observed the formation of a 
blue-coloured barium salt when fractions of beechwood-tar were 
allowed to stand with baryta w^ater, and named it pittical (from TTirra, 
tar, and icaX\o9, beauty). When heated with ammonia, eupittonic acid, 
just like aurin, affords an hexamcthoxyUrosanilin, TetrU’- and hexa- 
methoxy-triphenyl-carbinol, see B. 41 , 4423. 

Alcohols and Aldehydes of Triphenyl-methane, — Few of them 
are known : phenol-phthalol (H0CeH4)2CHCeH4[2]CH20H, melting at 
190°, was prepared by the action of sodium amalgam upon phenol- 
phthalein (A. 202 , 87). 

p-Diphenyl-methyl-benzaldehyde (CeH5)2CH[4]CeH4.CHO, boiling at 
190^-195® (46 mm.), results from the condensation of terephthal- 
aldehyde and benzene with concentrated sulphuric acid (B. 19 , 2029). 
Dialdehydes have been prepared by the condensation of benzaldehyde, 
m- and p-nitro-benzaldehyde with vanillin by means of ZnClg. 

Benzal-divanBlln CeH5CH[CeH2(OH)(OCH3)CHO]2, m.p. 222® ; m- 
and p-nitro-benzal-divanUlin, m.p. 266® and 276® with decomposition 
(B. 36 , 3975). 

Carboxyl Derivatives of Triphenyl-methane . — Triphenyl-methane- 
carboxyUc acids are produced (i) by reduction of triphenyl-carbinol- 
carboxylic acids ; and (2) from their nitriles. The latter are prepared 
by the action of aluminium chloride upon the cyano-benzal chlorides 
and benzene. 

Tripbenyl-metbane-o-carboxylic acid, benzol phihalin (see Phtha- 
leins), (C3H5)2CH.C3H4[2]C02H, m.p. 162®, is isomeric with triphenyl- 
acetic acid, and is produced by the reduction of diphenyl-phthalide 
(2), the lactone of triphenyl-carbinol-o-carboxylic acid (A. 202 , 52), and 
its nitrile. Chromic acid oxidises it to diphenyl-phthalide, while it 
breaks down into carbon dioxide and triphenyl-methane when it is 
heated with barium hydroxide. Sulphuric acid rearranges it to phenyl- 

anthranol 
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o-Cyano-triphenyl-metbane (CaH,),CH.C,H4[2]CN melts at 89° 
and boils at 270®-285® (70-85 mm.). Preparation, see above (B. 24 , 

2572)- 

p, - Tetramethyl - dlamldo - trlphenyl - methane - 0 - carboxylic acid 

[(CH3)*N[4]C,HJ,.CH.C4H4[2]COjH, from tetramethyl-diamido-di- 
phenyl-phthalide (A. 206 , lOi), melts at 200®. 

Triphenyl-methane-p-carboxylle acid melts at 161®, and its nitrile 
at 91® (B. 26 , 3079). Methyl-triphenyl-methane-carboxylic acids, see 
B. 16 , 2364 ; 19 , 3064 ; A. 284 , 242. 

Oxy-triphenyl-methane-carboxylic acids are formed in the reduction 
of the oxy-triphenyl-carbinol-carboxylic acids. p-Oxy-triphcnyl- 

methane - 0 - earboxyllc acid **®^‘*^^*2*^ch.c,H4[2]CO,h, melting at 

210'’ (B. 13 , 1616), and p^-dioxy-triphenyl-methane-o-carboxylic acid, 

phthalin [H0[4]CjH4]2CH.C^H4[2]C02H, melting at 225° (A. 202 , 36, 
153), were obtained from the corresponding oxy-triphenyl-carbinol-o- 
carboxylic acids. Concentrated sulphuric acid converts them into the 
corresponding oxy-phenyl-anthranols. 

Hydrofluoranic acid c,H4| ^ melting at 226^-228®, 

1 [ 2 ]C 0 .H 

results from the reduction of fluorane and tribromo-fluorane. When 


the acid is distilled over lime, xanihone and benzene result, while di- 
^henylenophenyl-melhane (B. 25 , 3586) is produced in its distilla- 
tion over baryta or soda-lime. 

Fluorescine, Pa-dioxy-hydrofluorane-carboxylic acid, is the reduction 
product of fluorescein. 

P2-Dioxy-triphenyl-methane-m2-dicarboxylic acid is formed by con- 
densation of benzaldehyde with salicylic acid by means of gaseous 
HCl (C. 1909, I. 747). 

Carboxyl Derivatives of Triphenyl-carhinol, Phthalides, — The 
o-carboxyl derivatives of this class are especially noteworthy. They 
cannot exist free ; they lose water and form lactones, which can be 
regarded as diphenylated phthalides. 

Diphenyl - phthalide, triphenyl-carhinoUo-carhoxylic acid lactone 


C,H4t \ , melting at 115®, is formed (i) by the oxidation of 

l[ 2 ]COO 

triphenyl-methane-o-carboxylic acid, (2) in slight amount by the action 
of mercury diphenyl upon phthalyl chloride, (3) from phthdyl chloride 
and benzene with duminium chloride. The third method of formation 


serves for the preparation of diphenyl-phthalide, formerly considered 
to be o-phthalo-phenone, until it was discovered to contain a lactone, 
the basis of the phthalcins. 

In the third method of producing diphenyl-phthalide the phthalyl 
chloride may be replaced by phthalic anhydride. In this case o-benzoyl- 
benzoic acid will be the fost product, which by the further action of 
benzene and aluminium chloride changes to diphenyl-phthalide. The 
acetyl derivative of o-benzoyl-benzoic acid is better adapted for the 
formation of diphenyl-phthalide than the free acid (B. 14 , 1865). 

Diphenyl-phthalide, when boiled with alkalies, forms salts of tri- 
phenyl-carbinol-o-carboxylic acid, from the solution of which adds 
re-precipitate diphenyl-phthalide. Zinc dust in alkaline solution 
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reduces triphenyl-carbinol-o-carboxylic Acid to triphenyl-inethane-o- 
carboxylic acid. 

Tbe anUlde c,H,| . m.p. 189“, and the hydrazide 

I [a]CO.NH.C,H, 

C , m.p. 230°, are produced on boiling diphenyl- 

|.[2]C0N,HC,H, 

phthalide and aniline hydrochloride (B. 27, 2793) with phcnyl-hydrazin 
(B. 26, 1273). 

Dithio-diphenyl-phthalide c,H J \ , from diphenyl-phtha- 

\ [2]CSS 

lide with phosphorus sulphide see L. 1900, 11. 575. 

The nitration of diphenyl-phthalide produces two dimirO'dipkenyl- 
phihalides, from which two diatnido-diphenyl^phihalides have been ob- 
tained (A. 202, 66). 

/[i]C = [C,H4[4]N(CH8),]y 

p^Tetramethyl-diamido-dlphenyl-phthalidec^^ \ 

m.p. 190®, is obtained in the condensation of phthalic anhydride and 
dimethyl-aniline vnth ZnClg. If phthalic anhydride be substituted 
for phthalyl chloride in this reaction there is an isomeric body, phthalyl 
^reen, produced. This is probably an anthracene derivative, which is 
also related to malachite green, and owes its origin to an admixture of 
the phthalyl chloride with phthalylene tetrachloride (C. 1898, I. 330 ; 
1903, 1. 85). The esters of the colourless tetramethyl-diamido-diphenyl- 
phthalide form intensely blue quinoid dyeing salts with acids. 

Triphenyl-carbinol-m-carboxyllc acid, m.p. 161®, and triphenyl- 
carbinol-p-carboxylic acid, m.p. 200®, are formed when diphenyl-m- 
tolyl-methanc and diphenyl-p-tolyl-methane are oxidised with chromic 
acid in glacial acetic acid solution. The latter also appears in the 
oxidation of p-diphcnyl-methyl-benzaldehyde, and of triphenyl- 
methane-p-carboxylic acid (B, 16, 2369 ; 26, 3081 ; 37, 657). 

Phenyl-p-tolyl-phthalide is made from acetyl-o-benzoyl-benzoic acid, 
toluol, benzoyl-o-benzoic acid chloride and toluol, toluic-o-benzoic acid 
chloride, and benzene with aluminium chloride (B. 14, 1867 ; 29, R. 
995). Isomeric methylated dlphenyUphthalides are produced in the oxi- 
dation of diphenyl-m- and p-xylyl-methanes. Ditolyl-phthalide melts 
at 116® (C. 1898, 1. 209 ; A. 299p 286). See B. 28, 513, for di-biphenyl- 
r[i]C0.0 

o-phthalide c,H J 

i[2]C = (C.H,.C,H8), 

Carboxyl Derivatives of the Oxy-triphenyl-carbinols. — The phthalelns, 
the derivatives of phthalide containing two phenol residues, are parti- 
cularly important, and are dyes which are of great technical value. 
A. V. Baeyer discovered them in 1871. The transition from them to 
diphenyl-phthalide is found in — 

/C,H 40 H 

Benzol-phenol-phthalide 

prepared from o-benzoyl-benzoic acid, phenol, and sulphuric acid 
(A. 854, 171). Similarly we obtain : Resorcyl-phenyl-phthalide, m.p. 
109®; pyr<Hcatechin-ph6nyI-phthalide,m.p. 161®; hydroquinone-phenyl- 
phthallde, m.p. 247® ; pyrogallol-phenyl-phthalide, m.p. 189® (A. 872, 
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91). Of the polyoxy-diphenyl-phthalides mentioned, the p-substituted 
ones dissolve in alkalies with a red colour, splitting the lactone ring and 
forming p-quinoid salts (cp. Phenol-phthaleins). 

The phthalelns result from the condensation of phthalic anhydride 
(i mol.) with phenols (2 mols.) on heating with sulphuric acid, or, better, 
with SnClj to 120® (or with oxalic acid at 115®). 

The phthaleins derived from di- and polyhydric phenols are all 
anhydrides, formed by the elimination of water from two phenol- 
hydroxyls (A. 212 , 347), in union with different benzene nuclei. In 
the condensation of phthalic anhydride and phenol-pg-dioxy-diphenyl, 
phthalide, or phenol-phthalein, is not the only product ; fluorane, the 
anhydride of Oa-dioxy-diphenyl-phthahde, is also formed. It is the 
simplest representative of the phthalein anhydrides, which contain 
a ring similar to the xanthone ring. 

The free phthaleins are generally colourless, crystalline bodies. 
They dissolve in the alkalies with intense colorations, and are again 
separated from their solutions by acids (even CO 2). The addition of 
concentrated caustic alkali causes the colours to disappear. On dilut- 
ing with water, the colours reappear. 

To show the similarity of the phthaleins to the aurins or rosanilins 
in the formula, it is assumed that the free, colourless phthaleins con- 
tain the lactone ring ; in their coloured alkali salt solutions this ring 
is absent, and the methane carbon atom and an oxygen atom form a 
quinone-like union with a benzene nucleus. This idea is apparently 
supported by the preparation of phthalein-oxime : 


^c,H4.oh 

C H /[i]C<C.H4 0H 
• *\[2]COO 
Free phenol-phthalein 


Phenol-phthalein in coloured alkali salts. 


This view is supported by the fact that the mm'-dioxy-ditolyl* 
phthalide, which, on account of the non-existence of m-quinones, cannot 
be analogously formulated, is dissolved quite colourlessly in alkalies. 
Much excess of alkali decolourises the solutions of phenol-phthalein 
with formation of salts of the carbinol Na02CCeH4.C(0H)(C«H40Na)2 
(C. 1904, 1 . 1088). 

Jt ^ould be added that lactone esters and ethers have also 
been obtained by acidulation and alkylisation of phenol-phthalein in 
alkaline solution (B. 28 , 3258 ; 29 , 131 ; cp. B. 29 , R. 552). 

The phenol-phthaleins, by reduction, yield oxy-triphenyl-methane- 
carboxylic acids — the phthalins. The latter are changed by concen- 
trated sulphuric acid into oxy-phenyl-anthrone derivatives, called 
phthalidins. The oxidation of the latter produces the phthalidcins, or 
oxy-phenyl-oxanthrone derivatives. The following diagram represents 
these changes, with phenol-phthalein as the example : 


C4H4 


^ ^ V C,H,OH ^ 
l[2]COO 
Pbthalein, 


V[2]COOH 


Phtbalin. 

Pf-diox y • tri pben yl- 
metbaDe*o-carboxyuc acid 


Pbthalidio, 

dioxy-pbenyl- 

aothrooe 


I^tbahdetn, 

dioxy-pbenyl- 

oxantoroiie. 
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PbenoKphthaleIn, p^-phthalHn, dioxy^diphenyl-phthalide C20H11O4. 
is a yellow powder, cr\^stallising from alcohol in colourless crusts, and 
melting at 250®. It dissolves in the alkalies with a red colour. It is 
used as an indicator in alkalimetry, especially in determining carbon 
dioxide with baryta (B. 17, 1907). It is formed from phthalo-phenone 
when nitrous acid acts on the p-diamido-compound ; by oxidising an 
alkaline solution of the corresponding phthalin with air, or with potassium 
f erricyanide or potassium permanganate, and is also obtained on heating 
phthaiic anhydride with phenol and tin chloride, or with sulphuric acid 
to ii5®~i20® for eight hours. Og-Dioxy-diphenyl-phthalide anhydride, 
insoluble in caustic potash, is a by-product, sometimes also fluorane 
(A. 202, 68). Boiling caustic potash and zinc dust reduce phthalein 
to phthalin, and it is decomposed into pg-dioxy-benzo-phenone and 
benzoic acid by fusion ^^ath caustic potash. 

Derivatives of Phenol-phthalein , — Diaceto-phenol-phthalein melts at 
143®. Dibenzoyl-phenol-phthalein melts at 169® (B. 29, 131). 

PhenoN phthalein methyl ester CHgOCOC,H4.c^^*3[J* m.p. 

I27®-I30°, orange needles, is formed by esterification of phenol-phtha- 
lein with methyl-alcoholic H2SO4 ; it dissolves in alkalies with a violet 
colour, and is easily re-saponified to phenol-phthalein (B. 40, 3484, 
3726). The lactoid phenol-phthalein mono- and dimethyl ethers, m.p. 
149® and 100®, are obtained by alkylation of phenol-phthalein in alka- 
line solution (B. 40, 3729). The latter has also been obtained syn- 
thetically from phthaiic anhydride, anisol, and AlClg (B. 29, R. 550). 

( [i]C«(C4H4.0H)| 

Phenol-phthaleln-anilide C4H4 ] \ , m.p. 279® (B. 28, 3077) . 

1[2]C0NC4H, ^ ^ ' 

Phenol-phthaleln-oxime (C2PH14O3) : NOH (?), a yellow crystalline 
powder, melting with decomposition at 221®, and produced by the action 
of hydroxylamine upon an alkaline phenol-phthalein solution. With 
dimethyl sulphate in alkaline solution it gives a dimethyl ether. This 

indicates a formula of the lactame type 

Boiling dilute sulphuric acid decomposes the oxime into p-oxy-o-ben- 
zoyl-benzoic acid and p-amido-phenol (B. 42 , 2825). Tetrachloro- 
phenol-phthaleln CgoHioCl404, m.p. above 300® (C. 1909, 11. 127). 
Tetrabromo-phenol-phthalein, m.p. 220®-230® with decomposition. 
Tetra^iodo-pbenol-phthaleln is used commercially as an iodoform sub- 
stitute under the name '* nosophene” 

Tetrabromo-phenol-phthaleln-oxime (B. 26, 2260 ; C. 1900, 1. 1291). 
Quinoid tetrabromo-phenol-phthaleln-mono- and -diethyl ether, see B. 
40. 1437* 

m, m-Dioxy-p-dltoIyl-phthallde. m.p. 206®, see A. 854, 185. 

/C.H4[2]^0. 

Fluorane, o^-phenol - phthalein anhydride C4H4 ^ 

melting at 173^-175°, is produced, together with pg-phenol-phthaldn, 
by the condensation of phthaiic anhydride and phenol. Fluorane 
yields hydro-fluoranic acid by reduction, and diphenylene-phenyl- 
methane when it is distilled over zinc dust (B. 25, 3586). The aniU 

C4H4f*^^^^\ melts at 242® (B. 27 , 2793). Tribromo-fluorane 

\ [2]C0N.C4H4 
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CjoH^^.BrjOj, m.p. 298^-300®, is produced by the action of PBrg 
upon fluorescein, and is reduced by alcoholic caustic soda and 
zinc dust to hydro-fluoranic acid (B. 269 1388). Concerning nitro- 
fluoranes, see B. 81, 1739 ; 82, 1131, 2108. 8, 6-Dimethyl-fluorane, 
m.p. 213®, see C. 1910, I. 449. 

The fluoresceins are the o-phthalic anhydrides produced by the 
condensation of phthalic anhydrides with resorcin. They are char- 
acterised by a beautiful fluorescence ; this is especially true of their 
alkaline solutions (Baeyer, A. 188, i). 

Phthalic anhydride may also be replaced by the anhydrides of 
aliphatic dicarboxylic acids. When succinic, maleic, and citraconic 
anhydrides are condensed with resorcin, the corresponding fluoresceins 
are produced. Pyro-mellithic and mellithic acids, and their anhydrides, 
also combine with resorcin to form dyestuffs resembling fluorescein, 
and these contain i, 2, or 3-fold xanthyl groups (C. 1907, 1. 549). 

See also o-sulpho-benzoic acid and naphthalic acid (B. 15, 883 ; 
18, 2864 ; 24, R. 763 ; 26, R. 542 ; 29, 2824). Hydroquinone-succineln, 
C. 1908, II. 786 ; pyrogallol-succinein, C. 1899, II. 758. 

Resorcin-phthalein, fluorescein C20H12O5, is prepared by heating 
phthalic anhydride (2 parts) with resorcin (7 parts) to 200®, or with 
anhydrous oxalic acid (B. 17, 1079) to iio®-ii7®. When precipitated 
from its salts it occurs in yellowish-red flakes CgoH^^Oe, which quickly 
lose water, and become C20H12O5, which dissolves in alcohol with a 
yellow-red colour and green fluorescence, and dries out as a red powder. 
Upon reduction fluorescein yields fluorescin, and PCI5 converts it into 
fluorescein chloride, p^-dichloro-fluorane (see Rhodamines). On treat- 
ment with alcoholic KSH this yields thio - fluorescein C8H4O1 : 
(CeHj.SH)* : O (B. 82, 1127). 

f[x]C==(C,H80H),0 

Baeyer ascribed the formula \ to fluorescein. 

I [2]COO 

As there was a disposition to assume that the phthalic acid 
residue replaced both m-hydrogen atoms (5) in the resorcin mole- 
cules, R. Meyer showed that fluorescein is a dioxy-derivative of o- 
phenol-phthalein anhydride, for which reason he gave it the name 
fluorane (above) ; and that, therefore, the phthalic acid residue oc- 
cupied the o-position with reference, at least, to each of the hydroxyl 
group of the resorcin molecule, and between these hydroxyl groups the 
anhydride formation occurred. R. Meyer converted fluorescein (i) 
by means of PBrg into tribromo-fluorane (2), which, like fluorane (4) 
itself, yields hydro-fluoranic acid (3) upon reduction. Fluorescein and 
fluorane contain a ring, closely related to the xanthone ring ; indeed, 
hydro-fluoranic acid may be decomposed into xanthone and benzene : 


(I) 

C.h4^'’V.H.(OH)[6]}0 
1 ralCOO 


(a) 

' C|i,H,Br,0, - 


C,H,\o 


I [2]C00H I falCOO 


The intense colour of fluorescein led Bernthsen and others to 
ascribe a quinoid constitution to free fluorescein and its coloured 
derivatives (see Phenol -phthalein). The assumption of a free 
carboxyl group in fluorescein is supported by its solubility in sodium 
bicarbonate, and its esterification with alcohol and sulphuric acid 
(see below). 
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The colourless derivatives were supposed to have their origin in 
the lactone formula of fluorescein. This view allies fluorescein and its 
coloured derivatives with the aurins and rosanilins. 

When fluorescein is fused with caustic soda it breaks down into 
resorcinol and monoresorcinol-phthalein, or dioxy-benzoyl-benzoic 
acid. Bromine in glacial acetic acid changes the latter to dibromo- 
dioxy-benzoyl-benzoic acid, which fuming sulphuric acid rearranges 
to dibromo-xantho-purpurin ; it is also obtained from eosin. Hence 
it follows that monoresorcinol-phthalein is 2, 4-dioxy-o-benzoyl-benzoic 
acid, because if it were 2, 6-dioxy-o-benzoyl-benzoic acid it would be 
impossible for an anthraquinone condensation to occur (Heller, B. 289 
314: B. 29 , 2623). 

Derivatives of Fluorescein. — Fluorescein-anilide and fluorescein- 

phenyl -hydrazlde C,H4 and C4H4<^ ^ fluor- 

CONC.H 4 ^C0N4HC4H5 

escein on heating with aniline or phenyl-hydrazin, form colourless 
crj^stals ; the anilide yields a dimethyl ether, m.p. 207° (B. 28 , 396 ; 


32 , 1133). 

C4H8^0H 

Fluorescein - carboxyl - methyl ester ch^oco[2]C^¥{^c yo , 

C4H8=:0 

m.p. 252°, iridescent green crystals, is formed by the esterification of 
fluorescein with sulphuric acid and methyl alcohol (B. 84 , 2641). 
On further methylation with dimethyl sulphate in nitro-benzol 
solution it yields the quinold fluorescein - dimethyl - ether ester 


CH8OCOC4H4C: 


/C4H8OCH8 

1 >0 . 


brick-red needles (B. 28 , 396), 


^C4H3=o 

r 0^^4113 (OCH3)\q 

besides the colourless lactoid dimethyl ether C4H4J .^<^eH3(OCH3)/ ^ 

icoo 

m.p. 198°, probably produced by isomerisation (cp. B. 40 , 3603). The 
latter is also obtained from its anilide upon heating with concentrated 
sulphuric acid. The latter, on esterification with methyl alcohol and 
HCl, passes into the trimethyl ether of dioxy-xanthydrol-carboxylic 
acid, which possesses strong basic properties and forms, with acids, 
highly coloured salts soluble in water without hydrolysis (A. 371 , 326), 
corresponding to the coloured salts of triphenyl-carbinol (cp. A. 870 , 
142). 

Substituted Fluoresceins. — Although fluorescein itself is not applic- 
able as a dye, by introducing halogens and nitro-groups into it dyestuffs 
of remarkable beauty can be obtained. If we start with fluorescein, 
then the substitution will occur in the resorcinol residues. 


If bromine be allowed to act on fluorescein suspended in glacial 
acetic acid, eosin, tetrabromo-fluorescein C2oH8Br405 is produced. 
Crystallised from alcohol it forms red crystals. The potassium and 
sodium salts constitute the eosin of commerce, soluble in water, and 
imparting to wool and silk a beautiful rose-colour. In the case of the 
sodium salt there is a yellowish-red fluorescence (Caro, 1873). 

Erythrosin, tetra-iodo-fluorescein C20H3I4O5. 

Safroslne,mmsc«r/e;/,dibromo-dinitro-fluoresceinC 2 oH 8 Br 2 (N 02 ) 205 , 
is formed when bromine acts upon dinitro-fluorescein, or when nitric 
acid acts upon di- or tetra-bromo-fluorescein (A. 202 , 68). See B. 80 , 
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333, for the dinitro-fluorescein yellow from dinitro-fluorescem and 
ammonia. 

To obtain the fluoresceins substituted in the phthalic afcid residue, 
condense the chlorinated phthalic anhydrides with resorcinol (Noelting). 
The bromo- and iodo-fluoresceins, with the substituents in the re- 
sorcinol residues, are at the same time prepared from the chlorinated 
bodies : 

Phloxln, tetrabromo-dichlofo- and tetrabromo-tetrachloro^fluoresce'in 
C2oH4Cl4Br406, rose Bengal, tetra-iodo-tetrachloro-fluoresceln, 

Phthalic anhydride has also been condensed with p3n:o-catechol 
(B. 40 , 1442), hydroquinones, orcins, and phloro-glucin. 

Hydroquinone-phthaleln^ m.p. 226®, is formed from hydroquinone 
and phthalic anhydride, as well as from fluorane, by transforming into 
2, 7-dinitro-fluorane, diamido-fluorane, and treating the latter with 
nitrous acid (B. 28 , 2959 ; 31 , 1743). It shows no fluorescence, and it 
also differs from fluorescein in colour ; it approaches phenol-phthalein 
in its behaviour (B. 36 , 2949). In alkalies, hydroquinone-phthalein 
dissolves with a violet and somewhat unstable colour, o-quinoid salts 
being produced with a probable splitting of the xanthone ring (cp. 
hydroquinone-benzein, above, and A. 372 , 133). For esters of hydro- 
quinone-phthalein, see A. 372 , 298. The condensation of phthalic 
anhydride with orcin produces three orcin-phthalelns ; only that orcin- 
phthalein which contains two hydroxyl groups in the p-position to 
the phthalic residue, turns out to be a perfect analogue of fluorescein 
(B. 29 , 2630). 

Pyrogallol-phthaleln, gaUeln (?) 

vCftrl,(Url) 

obtained on heating pyrogallic acid with phthalic anhydride to 200°. 
It forms crystals with green colour, dissolving with a dark-red colour in 
alcohol and with a beautiful blue colour in excebs of alkadies. 

It is converted by concentrated sulphuric acid into ccerulefn (see 
A. 209 , 249). The latter is a permanent green anthracene dyestuff 
(A. 209 , 249 ; C, 1900, 11 . 100 ; 1901, II. 775). Tetrachloro-gallein, 
see C. 1909, II. 2161. 

Oxy-hydroquinone-phthalein, like the isomeric gallein, and in con- 
trast with phloro-glucin-phthalein, which does not contain the hydroxyl 
groups in the ortho-position, is an excellent mordant for cotton. Like 
gallein, it is condensed by concentrated sulphuric acid to an anthracene 
derivative violein ; oxy-hydroquinone reacts like resorcin with many 
other I, 2-dicarboxylic anhydrides, with formation of phthalein (B. 34 , 
2617, 2637 ; 35 , 1782 ; 38 , 1070). 

The rhodamins, the phthaleins of m-amido-phenol and its derivatives, 
are of special importance. They are violet-red, magnificently fluores- 
cent dyestuffs. In constitution they are perfectly analogous to the 
fluoresceins. 

The simplest rhodamin is formed when m-amido-phenol hydro- 
chloride and phthalic anhydride are heated to 190® with concentrated 
sulphuric acid (B. 21 , R. 682). 

The alkylic rhodamins possess more intense colours. They are 
produced when rhodamin hydrochloride is heated with alkyl iodides. 
A better, course to pursue is the condensation of alkylic m-amido- 
phenols and phenyl-m-amido-phenol with phthalic anhydride (B. 21 , 
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R. 682, 920 ; 22, R. 788). Still another procedure consists in re- 
arranging fluorescein chloride, melting at 252® (the product of the 
action of PQ, upon fluorescein), by heating it with dialkylamines (B. 22 , 
R. 625, 789). 

Anisolines, alkyl ethers of the rhodamins (?) — see B. 25 , R. 866. 

Suceino-rhodamln has been obtained from succinic anhydride and 
m-amido-phenol (B. 28 , R. 532). 


Di- salicylic acid phthalide 


C.H ' 


[i]C[C,H,(OH)COOHJ. 

, m.p. 276® 


' [2]COO 

with decomposition, is formed besides phthaloyl-salicylic acid from 
phthalic anhydride, salicylic ester, and AICI3 (A. 303 , 280). 

III. B. p-Phenylene-bis-dlphenyl-methane from the 

corresponding glycol by reduction with zinc and glacial acetic acid. 
Derivatives of this hydrocarbon are obtained by the introduction of the 
CH(CeH5)2 group into quinones and quinoid substances by means of 
benzo-hydrols. 

Benzo-quinone- bis -diphenyl -methane CbH202[CH(CqH 5)2]|, m.p. 
250®. Benzo-quinone-bis-tetramethyl-diamido-diphenyl-methane, m.p. 
245®, from tetramethyl-diamido-benzo-hydrol and quinone on heating 
in alcoholic solution (B. 32 , 2146). 

p - Phenylene - bis - diphenyl - carbinol, tetraphenyUp-xylylene-glycol 
(CgH5)2C(OH)[i]C8H4[4]C(OH)(C3H5)2, m.p. 169®, is obtained from 
terephthalic ester and CgHjMgBr. On boiling with silver, the benzene 
solution of the bromide (C3H5)2CBrC6H4CBr (€3115)2 gives tetraphenyl- 
dimethylene-quinone (CeH5)2C : CeH4 : orange needles, m.p. 

239®“242® ; the latter adds bromine with decoloration, eliminates 
iodine from HI, and is related to the methylene-quinones (B. 37 , 1463 ; 41 , 
2746). Tetraphenyl-methylene-quinones are also produced by the con- 
densation of two molecules diphenyl-ketene with one molecule quinone, 
with rejection of two molecules COj from the unstable j8-dilactones 
first formed. On treating the glycol with aniline salt or with phenol in 
glacial acetic acid we obtain Ps-diamldo- and p-dioxy-hexaphenyl-p-xylol 
H2NC3H4.C(CeH5)2CeH4C(C3H5)2CeIl4NH2, m.p. 358 ^ and HOCeH4C 
(C.H5),C3H4C(CeH5)2CeH40H, m.p. 304** {B. 37 , 2001). 

III. C. Tetraphenyl-methane C(C3H5)4, m.p. 282®, b.p. 431® with 
sublimation, is formed from the diazonium sulphate of p-amino-tetra- 
phenyl-methane by boiling with alcohol, and also, in small quantities, 
by heating triphenyl-methane-azo-benzol to 100® (B. 36 , 1090). Also 
by transformation of triphenyl-chloro-methane with phenyl-magnesium 
chloride (B. 39 , 1463). 

p-Amido- and p-oxy-tetraphenyl-methane NH2[4]C4H4C(C4H5)8, 
m.p. 245®, and HO[4]C4H4C(C4H5)8, m.p. 282®, is easily obtained from 
triphenyl-carbinol in glacial acetic acid by heating with aniline chloro- 
hydrate and phenol respectively, and concentrated sulphuric acid 
(B. 35 , 3018 ; 36 , 407 ; 37 , 659 ; A. 363 , 284). 

p-Diphenyl-methyl-tetraphenyl-methane (CeH5)8CH[4]C3H4C(CeH5)8, 
m.p. 231®, is formed from triphenyl-carbinol, or its chloride, by re- 
duction with zinc and stannous chloride, HCl, and glacial acetic acid ; 
also from hexaphenyl-ethane and triphenyl-methyl by the action of 
HCl (B. 87 , 4790). Also synthetically by way of p-benzoyl-triphenyl- 
methane CfigCOC^lifill{CJd^)g, m.p. 166® (B. 41 , 2421). 
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IV. Homologous Di- and Poly-phenyl-paraffins. 

Homologous series are derived from diphenyl-methane. Dis- 
missing the substitutions in the benzene residues, this is attained by 
replacing the H atoms of the methylene residue by alkyl groups : 
diphenyl-methyl-, diphenyl-dimethyl-, diphenyl-ethyl-, diphenyl- 
propyl-methane, etc., denoted as “ gem-* {geminated) diphenyUparaJJins 
(B. 81 , 2068) ; and again, it can be done by inserting new C atoms 
between the two benzene residues : co, a>-diphenyl-ethane or dibenzyl, 
CO, co-diphenyl-propane, co, co-diphenyl-butane, co, co-diphenyl-pentane, 
etc. Tlie group of unsym. diphenyl-ethanes and the homologous gem- 
diphenyl-paraffins will receive first attention in the following para- 
graphs. Its members attach themselves in their behaviour to di- 
phenyl-methane and its derivatives ; at the same time they show in 
many ways their genetic relationship to the dibenzyl group. Compare 
benzilic acid, diphenyl-acetaldehyde, stilbene, tolane. 

After these there will follow the important dibenzyl or sym. 
diphenyl-ethane group, and then the co, co-diphenyl, propane, butane, 
pentane, and hexane groups. The derivatives alkylised or pheny- 
lated in the benzene nuclei, or in the side chains connecting these, are 
included with the parent hydrocarbons of the individual groups ; the 
saturated are followed by the unsaturated hydrocarbons. 

A. Gem-diphenyl-paraffins and their Derivatives are, as a rule, formed 

(1) by the condensation of aldehydes, chlorinated aldehydes, glyoxylic 
acid, etc., with benzene hydrocarbons, phenols, or tertiary anilines, 
just as the diphenyl-methanes are produced by means of methylal, 
methylene iodide, etc. : 

CHaCHO+2C,H, ► CH8CH(C,H,),4-H,0. 

(2) Diphenyl-alkyl-carbinols are obtained by the condensation of 
benzo-phenone with magnesium-alkyl iodides or from phenyl-mag- 
nesium bromide with fatty-acid esters and chlorides (Grignard's 
reaction). The carbinols easily split off water and form gem-diphenyl- 
olefins, which are reducible by Na and alcohol to gem-diphenyl-paraffins : 

(C,Hs),CO (C,H5),C(0H)CH3 C H.CO,r 2C,H5MgBr 

(C.H.),C(0H).CH,CH3 ► (C,Hj),C : CHCH3 ► (CeHsja.CH.CHa.CH,. 

All the substances included in this class yield benzo-phenone or its 
derivatives when they are oxidised. 

Unsym. diphenyl-ethane (CeH5),CHCH3, b.p. 209° (145® at 13 
mm.), is made from benzene and paraldehyde with cold sulphuric 
acid ; also from ethidene chloride CH3CHCI2, sym. bromethyl-benzol 
C3H5.CHBr.CH8, or styrol with benzene and AI2CI3. Chromic acid 
oxidises it to benzo-phenone, with the elimination of the methyl 
group. Consult B. 27 , 3238. Nitric acid nitrates the side chains 
and the benzene residues of unsym. diphenyl-ethane. The products 
are : dlphenyl-ethylene-glyool mononitrate (C3H5)2C(OH).CH2(ONO), 
melting at 100°, diphenyl-vinyl nitrite (C3H5)2C=CH(ONO), melting at 
86®, and a dinitrite melting at I48®-I49®. The latter is probably a 
diphenyl-ethylene derivative. These three compounds have great 
crystallising power. They form yellow crystals, and when oxidised 
yield benzo-phenone (A. 1 ^, 330). 
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Unsym. phenol-phenyl-ethane CeH5CH(CH3)C5H4.0H, melting at 58®, 
is produced when sulphuric acid acts upon phenol and styrol ; the 
homologous phenols, naphthols, etc., behave similarly toward styrol 
(B. 24 , 3891). Unsym. dlphenol-ethane (C3H40H)2CHCH3, melting at 
122®, can be obtained from aldehyde and phenol (B. 19 , 3009). 

Unsym. p^-tetramethyl-dlamido-diphenyi-ethane [(CH,) 2NCeH4] , 
CHCHj, m.p. 69®, is split up by nitrous acid with formation of p-nitro- 
dimethyl-aniline (C. 1899, II. 203 ; 1900, I. 252). 

gem-Diphenyl-propane, -butane, -hexane, b.p.^o 142®, 150®, 164®, 
from the corresponding olefins (see below) with Na and alcohol (C. 
1902, II. 1209). 

Diphenyl-methyl-, -ethyl-, -propyl-, -amyl-carbinol (CeH5)2C(OH)R, 
m.p. 81®, m.p. 95°, b.p.jj 185®, m.p. 47®, from benzo-phenone with 
alkyl-magnesium iodides or phenyl-magnesium bromide and fatty 
esters, by method 2 (see above). By distillation and dehydrating 
processes we obtain from these carbinols : gem-diphenyl-ethylene, 
-propylene, -butylene, -hexylene, b.p. 270®, 280®, m.p. 52®, 292®, 314® ; 
unsym. diphenyl-ethylene is also formed from a-diphenyl-jS-chlor- 
ethane (see below), and from unsym. dibromo-ethylene with benzene 
and AICI3. It easily splits off formaldehyde by auto-oxidation. Gem- 
diphenyl-propylene with Br immediately gives a-diphenyl-jS-bromo- 
propylene (C4H5)2C : CBrCHj, m.p. 49® (B. 85 , 2646 ; 37 , 230, 1447 ; 
C. 1901, I. 1337; 1902, II. 1209). 0 - Oxy - diphenyl - ethylene 

H0[2]C4H4C(C4H5) : CH2, b.p.i3 167®, see B. 36 , 4002. 

Several halogen derivatives of mono-substituted diphenyl-ethylenes 

of the general formula • ^^Hig cis-trans-isomeric 

forms which can be transformed into each other by means of ultra- 
violet light (A. 342 , I ; B. 42 , 4865). 

Unsym. diphenyl-monochloro-ethane (C4H5)2CH.CH2C1 is an oil. 
Dlphenyl-dlchloro-ethane(C4H5)2CH.CHCl2,melting at 8o®,and diphenyl- 
trichloro-ethane (C4H5)2CH.CClj,melting at 64®,are obtained from mono-, 
di-, and trichloro-acetaldehyde (chloral) with benzene and sulphuric acid. 
Alkali, acting upon these substances, splits off hydrogen chloride, and 
the products are : 

Unsym. diphenyl-ethylene, diphenyl-monochloro-ethylene (C4H5)2C : 
CHCl, melting at 42® and boiling at 298®, and diphenyl-dichloro-ethylene 
(CeH5)2C : CClj, melting at 80® and boiling at 316®, which is also found 
in the condensation pjoducts of chloral with benzene and aluminium 
chloride (B. 26, 1955). If diphenyl-monochloro-ethane be heated alone 
it splits off hydrochloric acid and is rearranged to stilbene. The 
latter is similarly produced by the reduction and rearrangement of 
diphenyl-trichloro-ethane with zinc dust and alcohol. When diphenyl- 
monochloro-ethylene is heated with a sodium ethylate solution it is 
transformed into tolane. Diphenyl - vinyl - ethyl ether (C4H3)C : 
CHOC2H5 is formed simultaneously : 

(C,H,)CH.CH,C 1 C,H,.CH:CH.C,H, 

(C,H,),CH : CHCl H,C,.C C.C,H,. 

These transposition reactions have been extended to a series of 
substituted diphenyl-mono- and trichloro-ethanes and to diphenyl- 
monochloro-ethylene (A. 279 , 319 ; B. 26 , R. 270). 



HOMOLOGOUS DI- AND POLY-PHENYL-PARAFFINS 605 

Unsym. dlpbenyI-etbylene-«lyeol (C,H5),C(OH).CH,OH, m.p. 121®, 
is formed from glycolic ester or benzoyl-carbinol by transformation into 
phenyl-magnesium bromide. Similarly we obtain diphenyl-propylene- 
glycol (CeH5)2C(OH).CH(OH).CHj, m.p. 96®; 1 , 1 -diphenyl-glycerin 
{CgH5)2C(0H)CH(0H).CH20H, m.p. 158® ; and diphenyl-ethylene- 
chloro-hydrin (CjH5),C(OH).CH2Cl, m.p. 66®, from lactic ester, glyceric 
ester, and chloracetic ester with CjHjMgBr respectively. The latter, 
on he ating with sodium ethylate, gives diphenyl-ethylene oxide (CjHj)^ 

C.O.fiHj, m.p . 56° (B. 89 , 1753, 2288). 

On heating with 20 per cent, sulphuric acid, diphenyl-ethylene 
oxide, distilled in a vacuum, passes into diphenyl-acetaldehyde (€5115)2 
CH.CHO, b.p. 166®, oxime, m.p. 120®, which is also formed by saponi- 
fication of diphenyl- vinyl ethyl ether with glacial acetic acid and hydro- 
chloric acid instead of diphenyl- vinyl alcohol. 

The aldehyde in many respects behaves analogously to the oxy- 
methylene derivatives — e.g. when it is oxidised it does not change to 
the acid, but splits off the CHO group and becomes benzo-phenone 
(B. 24 , 1780 ; 25 , 1781). Diphenyl-acetaldehyde is also formed from 
the hybro-benzoins by dehydrating agents. Anhydrides of the hydro- 
benzoins are formed at the same time : 

C8Hj.CH.OH.CH.OHC.H, (C8Hj)2CH.CHO. 


This is due to an atomic rearrangement opposite to that of the 
transpositions of the unsym. diphenyl-chloro-ethanes and ethylenes just 
indicated. It reminds one of the pinacolin rearrangement of the 
pinacones. 

Similarly we obtain from methyl- and ethyl-hydrobenzoin 
C5H5CH(OH).C(Alk)OHC5H5 : a, a-diphenyl-propion-aldehyde 
(CH3).CH0, b.p.i2 17b'', and a, a-diphenyl-butyr-aldehyde (CgHsjgC 
(C2H5).CH0, b.p. 314® (C. 1907, I. 726). 

Unsym. diphenyl-acetone (C6H5)2CH.COCH3, m.p. 45® and 61® 
(dimorphous), oxime, m.p. 164°, is formed on heating diphenyl-propy- 
lene-glycol with dilute HCl (B. 39 , 2302). 

Diphenyl -ketene (QHgjjC : CO, b.p. 12 14b®, a reddish-yellow 
liquid solidifying in freezing mixture to straw-yellow crystals, is the 
first and most closely studied representative of the interesting class of 
the ketenes (Staudinger, 1905 ; cp. Vol. I.). It is formed by the action 
of zinc upon diphenyl-chloracetic acid chloride, or by the withdrawal 
of HCl from diphenyl-acetic acid chloride by means of tertiary bases 
(A. 886, 51). Its easy formation by heating azi-benzile with rejection 
of Nj and migration of a phenyl group is noteworthy (B. 42 , 2346) : 


c,h.\c/n 

:gH,co/ \N -n,' 


C.H. 

C,H,CO 



C,H 

CgH 


»)>C=CO. 


a reaction which appears to correspond to the formation of stilbene 
from diphenyl-monochloro-ethylene, and of tetraphenyl-ethylene from 
benzo-pinacolin alcohol. 

Diphenyl-ketene is more stable than the aliphatic representatives 
of this class of bodies, and shows no tendency towards polymerisation ; 
but it shows greater reactivity, (i) With water it forms diphenyl- 
acetic acid or its anhydride. (2) With alcohols it forms diphenyl- 
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acetic ester. (3) With HCl it forms diphenyl-acetic acid chloride. (4) 
With NHj, phenyl-hydrazin, and primary and secondary bases it 
forms the corresponding diphenyl-acetic acid derivatives. (5) With 
organic acids we obtain mixed acid anhydrides. (6) With sodium- 
mdonic ester we obtain diphenyl-acetyl-malonic ester (CgH5)2CH. 
C0CH(C02R)2. (7) With phenyl-magnesium bromide we obtain 

triphenyl- vinyl alcohol (C2H5)2C : C.(OH)C2H5. (8) With Schiff's 

bases it unites with formation of j8-lactones : 


(C,H,),C =C04-C,HsCH =NC,H, 


(C,Hj),C=rCO 


{ga) \\’ith aj 3 -unsaturated aldehydes and ketones we obtain, on heating 
the components in indifferent solvents, unstable j8-lactones which, in 
the nascent state, decompose into CO 2 and multiple unsaturated 
hydrocarbons (B. 42 , 4249) : 

(C,H.CH ; CH),CO+(C.H,),C ; CO ► (C,H,CH : CH),C<(q<^^*)>CO 

.SI 

(C,H,CH : CH),C : C(C,H,),. I 


(gb) The quinones react like the ajS-unsaturated ketones ; according to 
the quantities used, mono- or dilactones of ^-oxy-acids are formed, 
while the latter decompose at once into 2CO2 and tetraphenyl-di- 
methylene-quinones : 


COC(C,H,),^ /C(C,H,),.CO - 2 CO, 

• ^ 


(C,H,),C : C,H4 : (C.H,),. 


The monolactones can be isolated, and are only split up into CO2 and 
diphen}'l-quino-methanes on heating. 

o-Substitiients depress the reactivity of the qiiinone groups, so that 
chloranile and anthraquinone no longer unite with diphenyl-ketene 
(A. 380 , 243). 

Diphenyl-acetic acid (CeHjjjCH.COjH is formed from its nitrile 
by saponification ; by reducing benzilic acid with hydriodic acid and 
phosphorus in glacial acetic acid (A. 275 , 84) ; and from diphenyl- 
dichloro-ethylenc by heating to 180° with Na alcoholate, a reaction 
which may be generalised (A. 306 , 79). The acid melts at 146®. When 
oxidised with a chromic acid mixture it yields benzo-phenone ; and 
when heated with soda-lime we get diphenyl-methane. Its ethyl ester 
melts at 58® ; the methyl ester at 60® ; and the chloride at 57°. 

Diphenyl-aceto-nitrile (C2H5)2CH.CN results when diphenyl-bromo- 
methane is heated with Hg(CN)2, or by the condensation of mandelic 
nitrile, CeH5.CH(OH)CN, and benzene with tin tetrachloride (B. 25 , 
1615). It melts at 72® and boils at 184® (at 12 mm.). The hydrogen 
of its CH group is readily replaced by the benzene residue, but not 
by alkyls (A. 275 , 87). Iodide, acting upon its sodium derivatives, 
produces tetraphenyl-succino-nitrile. 

P2-DitolyK -dianisyl-, and -diphenetyl-acetic acid, m.p. 144®, no®, 
and 114*^ (A. 806 , 81). 

Tetranitro-dipbenyl- acetic acid The ethyl 

ester is derived from dinitro'phenyl-aceto-acetic ester and dinitro- 
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phenyl-malonic ester by the action of o, p-dinitro-bromo-benzol, the 
group CO.CH3 CO3.C2H5) being replaced. It may be similarly 
prepared from dinitro-phenyl-acetic ester by the introduction of the 
dinitro-phenyl residue. It melts at 154°. Alcoholic potash or soda 
converts the ester, by the substitution of the hydrogen of the CH 
group, into brilliant metallic salts, dissolving in alcohol and water, 
with a dark -blue colour. Compare tetranitro - phenyl - methane 
[(C3H8N02)2]CH2 and trinitro- triphenyl-methane (CeH4N02)3CH (B. 
21, 2476). 

P2«-Diamido-diphenyl-acetio acid [NH2CeH4]2CHC02H, m.p. 234®, 
is formed by the transposition of dianilido-acetic acid (CeHjNH);^ 
CHCO2H, on heating with aniline and its chlorohydrate (B. 41 , 3019, 

3031)- 

p-Oxy-diphenyl-acetio acid, m.p. 173°, from mandelic acid or its 
nitrile with phenol and sulphuric acid (73 per cent.), besides o-oxy- 

dlphenyl-acetlc lactone m.p. 114®. The latter yields 

a bromine derivative easily transformed into o-oxy-diphenyl-glycocoU 
HOCeH4C(C,H5)(NH2)COdH (B. 31 , 2812). 

Tetra-oxy-diphenyl-acetic acid COOH.CH[CeH3(OH)2]2 has been 
obtained by the condensation of chloral with resorcin by means of 
potassium bisulphate. It has a yellow colour. It dissolves in cold 
alkalies with a red colour, and forms a triaceiyl derivative melting at 
152® (B. 29 , R. 776 ; C. 1897, II- 739 )- 

Benzilic acid, diphenyl-glycolic aetd (C4H5)2C(0H).C02H, m.p. 150®, 
is produced by a molecular rearrangement of benzile {q.v.) when digested 
with alcoholic potassium hydroxide, and from diphenyl-acetic acid by 
the action of bromine and boiling with water. We can prepare it 
better by the action of aqueous potash and air upon benzoin (B. 19 , 
1868 ; C. 1902, I. 1012) : 

C,H,COCOC,H, — (C,H,),C(OH)COOH. 

When heated above its melting-point, benzilic acid takes on a 
blood-red colour, and dissolves with the same colour in sulphuric acid. 
Diphenylene-diphenyl-ethane derivatives are produced by the action 
of concentrated sulphuric acid upon benzilic acid (B. 29 , 734). 

With phosphorus chlorides benzilic acid yields diphenyl-chloracetic 
acid (C4H5)2CC1C02H, m.p. 119® with decomposition (B. 36 , 145), and 
diphenyl-chloracetic acid chloride, m.p. 50® (A. 356 , 72) ; with P2O5 or 

COCI2 and pyridin we obtain benzlllde m.p. 

196® (B. 35 , 3642). It yields diphenyl-acetic acid when heated 
with hydrioic acid and phosphorus. On distilling its barium salt it 
breaks up into carbon dioxide and benzo-hydrol ; oxidation yields 
benzo-phenone. 

p-Tollllc acid (CH3C4H4)2 : C(OH)COOH ; anlsillc acid (CH30CeH4)2 
C(OH)COOH; cumlnlllc acid (C3H2C4H4)2C(OH)COOH ; and hexa- 
methoxy-benzillc acid [(CH80)3C4HJ2C(0H)C00H are prepared, like 
benzilic acid, from their corresponding substituted benziles. 

d,j 3 -Dlphenyl-propionlc acid (C4H4)2CH.CH2.COOH is a homologue 
of mphenyl-acetic acid. It melts at 149®. It is formed by the addi- 
tion of phenyl-magnesium bromide to cinnamic acid ester (C. 1905, I. 
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522). It may also be obtained by the condensation of benzene and 
cinnamic acid by means of sulphuric acid. The continued action of the 
sulphuric acid leads to a condensation to y-phenyl-hydrindone. The 
a-bromo-)8, /J-diphenyl-propionic acid, m.p. about 164®, and especially 
its potassium salt, decompose on evaporating their aqueous solution into 
COj, HBr, and stilbene, a reaction corresponding to the formation of 
this hydrocarbon from diphenyl-monochloro-ethylene (C. 1905, 11. 
1022). 

Phenyl-tolyl-, phenyl- xylyl-propionic acids, etc., are prepared just 
like diphenyl-propionic acid (B. 26, 1579). Potassium permanganate 
oxidises these acids to benzo-phenone, phenyl-tolyl-ketone, phenyl- 
xylyl-ketone, etc. 

y, y-DIphenyl-butyrie acid (C«H5)2CHCH2CH2COOH, m.p. 107®, 
from y-phenyl-butyro-Iactone or phenyl-iso-crotonic acid, with benzene 
and AlClj (C. 1907, II. 2045). 

a, a-DIphenyl-proplonIc acid (CeH5)2C(CH3)C02H, m.p. 173®, and its 
homologues are obtained by condensation of phenyl-pyro-racemic acid 
with benzene and its homologues by means of concentrated sulphuric 
acid (B. 14, 1595). On heating with concentrated sulphuric acid they 
split off CO and yield diphenyl-carbinols, which in turn easily decompose 
into water and unsym. diaryl-ethylenes (B. 88, 839). 

j 3 -Phenyl-cinnamic acid (C^U^)2C : CH.COjH, m.p. 162®, is formed, 
like jS-alkyl-cinnamic acids, from the condensation product of benzo- 
phenone with bromacetic ester and zinc (B. 40, 4537 ; 41, 324), and 
from a-bromo-j5, /3-diphenyi-propionic acid with alcoholic potash 
(C. 1905, 1. 522). 

y-DiphenyMtaconic acid (C3H5)2C : C(COOH).CH8.COOH, m.p. 
169^ with decomposition, is obtained by the condensation of benzo- 
phenone with succinic ester through the agency of sodium ethylate. 
The acid, on heating under reduced pressure, gives an anhydride, m.p. 
I47®-I50®, whose soda solution on acidulation yields diphenyl-citraconic 
acid (CeHj)2CHC(COOH) : CHCOOH, m.p. iio®-ii5® with decom- 
position. This acid is condensed by sulphuric acid to phenyl-indone- 
acetic acid. With bromine it gives y-diphenyl-bromo-paraconic acid 

(C,H,) .CBr(COOH) .CH,.Co6. which, on heating with water, passes 
into y-dlphenyl-aconic acid, m.p. 13 9°, and further, with rejection of 

CO„ diphenyl-croto-laetone (C,H,),(!;.CH : CH.C06, m.p. 131® (A. 
308, 89). yDipbeDyl-a,/ 3 -dichIoro>crotonie acid (CgHjjjCH.CCl : CCl 
COOH, m.p. 152“, is formed from muco-chloric acid chloride (see Vol. 
I.), benzene, and AlCl, (C. 1897, II. 570). y-Dlphenyl-acetacrylic ester 
(C,H,),C : C(COCH3)COOC,Hj, m.p. 76®, from benzo-phenone chloride 
and cu-aceto-acetic ester, yiel^ by ketone splitting diphenyl-butenone 
(C,H,),C : CHCOCH,, m.p. 33®, b.p.„ 190® (B. 82, 1433 ). and homo- 
logues are formed from triphenyl-chloro-methane and aJkyl-magnesium 
hiJoids (B. 89, 2957). 

Tripbenyl-acetaldebyde (C,Hj)jC.CHO, m.p. 223°, from triphenyl- 
magnesium chloride and formic acid ester. 

Triphenyl-methyl-ethyl-ketone (C,H,),C.COC,H„ m.p. 104®, from 
triphenyl-atetic acid chloride and C,H,MgI (B. 48, ii37)" 

Triphenjrl-aeetie aeld (C,H,),C.COOH is a very feeble acid. It melts 
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at 264®, and decomposes into triphenyl-methane-carboxylic acids. It 
is made by the action of benzene and aluminium chloride upon tri- 
chloracetic acid, and when carbon dioxide is conducted over potassium 
triphenyl-methane at 200®. The nitrile is produced by the interaction 
of triphenyl-chloro- or bromo-methane and mercuric cyanide Hg(CN)2 
(A. 194 , 260 ; B. 28 , 2782), or by deamidising hydrocyano-para- 
rosanilin (B. 26 , 2225). 

P3 - Triamido - triphenyl - acetie nitrile, hydrocyano-para~rosanilin, 
results upon digesting para-rosanilin salts with alcohol and potassium 
cyanide. Hydrocyano*rosanilin is similarly obtained from rosanilin 
salts. According to Hantzsch, quinoid ammonium cyanides are first 
generated, and these transpose themselves into nitriles in the solution 
itself (B. 38 , 287) : 

: CeH4 : NH 2 CN ► (NIl2.CeH4)2C(CN).C4H4.NH2. 

The chlorohydrates of these hydrocyano-compounds decompose 
on heating into HCl, HCN, and the rosanilin salts. 

Substituted triphenyl-acetic acids, especially phenol derivatives, 
are easily obtained from benzilic acid with phenols by condensation 
with tin tetrachloride (B. 34 , 3080 ; 37 , 664 ; 40 , 4060) : 

Diphenyl-p-tolyl-acetie acid CH3[4]CeH4(CeH5)2CCOOH, m.p. 205°. 
p-Tritolyl-acetic acid (CH3CeH4)3C.C02H, m.p. 227®. p-Oxy-triphenyl- 
acetic acid H0[4]CflH4(CeH5) 2Cr00H, m.p. 212®. m- and p-Cresol- 

diphenyl-acetic acid lactone 6[2]CeH3(CH3)[i]C(CeH4)2to, m.p. 126® 
and 130®. 0- and m-Xyleoyl-diphenyl-acetic acid lactone, m.p. 178° 
and 170®. Thymoyl- and carvacroyl-diphenyl-acetic acid HO[4]C4H2 
(CH3)(C3H7)[i]C(C 4H6)COOH, etc. 

biphenyl-methyl-quinol-carboxylic acid lactone (formula, see below), 
colourless crystals, m.p. 143®, is formed by condensation of diphenyl- 
ketene with excess of quinone. On heating, it decomposes into COj 
and diphenyl-quino-methane. As a quinol derivative it shows the 
transposition into benzene derivatives with migration of the alkyl 
group characteristic of these compounds ; thus, the above jS-lactone 
on illumination in the solid state or in boiling benzene solution passes 
into the isomeric 2, 5 -dioxy-triphenyl-acetic acid lactone, m.p. 196® : 

(C.H,),C~CO 

O : ► HOs^ ^.O, 

which has also been obtained synthetically from hydroquinone and 
benzilic acid by means of SnCl4 (A. 380 , 248). 

B. Sym, Diphenyl-ethane Group, — Dibenzyl, sym. diphenyl-ethane 
C4H5.CH2.CH2.C4H5, m.p. 52® and b.p. 284®, is prepared (i) by the 
action of sodium or copper upon benzyl chloride C4H5.CH2CI, or (2) 
of AICI3 upon benzene and ethylene chloride or a>-chlorethyl-benzene 
(A. 235 , 155) ; and (3) by heating its oxygen derivatives, benzoin and 
benzile, and from the unsaturated hydrocarbons tolane and stilbene 
VOL. II. 2 R 
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by reduction with Na and alcohol (B. S5» 2647), HI, or H and Ni at 
220® (C. 1908, I. 469). Finally, it can be obtained (4) by oxidation 
of toluol with potassium persulphate (B. 32, 2531). It forms stilbene 
and tolane when heated to 500°. Chromic acid and potassium per- 
manganate oxidise it directly to benzoic acid. It yields two dinitro- 
compounds by nitration. 

p, p-Dinitro-dibenzyl has also been obtained by the action of 
stannous chloride upon p-nitro-benzyl chloride. It melts at 
(A. 238, 272 ; B. 20, 909). Also by the action of cold methyl-alcoholic 
potash upon p-nitro-toluol (C. 1908, I. 642). 0, o-Dinitro-dibenzyl, 
m.p. 122° (C. iQio, II. 570). 

P 2 -Diamldo-dibenzyI can be used for the preparation of tetrazo- 
dyes in the same way as diamido-stilbene (C. 1899, I. 1171). 

02*Diamido-dIbenzyl, m.p. 68°, by reduction of Og-diamido-stilbene. 

CH C H \ 

On heating its chlorohydrate it gives imido-dlbenzyl 

m.p. 110°, which contains a seven-membered ring (A. 305, 96). 

Homologites of DibenzyL — Og, nig, and P 2 -Dimethyl-dlbenzyl, m.p. 
66°, 82°, and 296°, are produced by oxidation of o-, m-, and p- xylol 
with potassium persulphate (B. 32, 2531). 

a, j 3 -Diphenyl-propane CeH5CH{CH3)CH2CeH5, b.p.gg 167°, by 
reduction of a-methyl-stilbene. a, i^-Diphenyl-iso-butane CeHjCHjC 
(CH3)2CeH5, from iso-butylene bromide, benzene, and AlClj (C. 1901, 
II. 202). 

a.jS-Phenyl-tolyl-propane CeH^CHiC H3)CH 2CeH4CH8, and a,j 3 - 
phenyl-xylyl-propane, are produced when concentrated sulphuric acid 
acts upon styrol in the presence of xylene or trimethyl-benzene. The 
homologous benzenes, containing a methyl group, attach themselves 
to the unsaturated linkage in the styrol (B. 23, 3269). 

Diphenyl-dimethyl-ethane CflH6.CH(CH3)CH(CH3)CeH5, melting at 
123°, is formed when sodium or zinc dust acts upon a j8-haloid ethyl- 
benzene C4H3.CHX.CH3 (B. 26, 1710) ; also from ethyl-benzol with 
persulphate (B. 32, 434). 

Stilbene, toluylene, sym. diphenyl-ethylene C4H5.CH : CH.CgH^, 
melting at 124° and boiling at 306°, cr^^stallises in large, glistening 
(crrtAjScty, to glisten) monoclinic leaflets or prisms. It is obtained by 
a great variety of methods. It belongs to a long-known class of 
aromatic substances (Laurent, 1844). is produced: 

(1) By distilling benzyl sulphide and disulphide. 

(2) By heating polymeric thio-benzaldehyde to 150°, or by distilling 
trithio-benzaldehyde with metallic copper (B. 25, 600). 

(3) By the action of metallic sodium upon benzaldehyde or benzal 
chloride. 

(4) From benzaldehyde and phen\ 1-acetic acid, instead of the 
expected phenyl-cinnamic acid (/. pr, Ch. 2. 61, 169). 

(5) By magnesium organic syntheses stilbene and its homologues 
are formic from benzyl-magnesium chloride with benzaldehydes or 
aromatic ketones, the benzyl-aryl-carbinols formed as primary pro- 
ducts splitting off water (B. 37, 453, 1447). 

(6) By heating iso-nitro-benzyl cyanide C4H4C(: NOOH)CN with 
soda to high temperatures, whereby phenyl-iso-nitro-methane is first 
formed, which splits off sodium nitrite and forms stilbene (B. 88 , 502). 
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(7) From benzal-azin C^HjCH : N.N : CHCeH, and phenyl-diazo- 
methane CeHjCHNj, by heating and rejection of nitrogen. 

(8) From chlorinated, asymmetrical diphenyl-ethane derivatives 
— (QH5)2CH.CH2C1, (C2H5)2CH.CC1 j — by a rearrangement caused 
by heat or zinc dust (B. 7 , 1409 ; /. pr, Ch. 2, 47 , 44). 

(9) By the action of metallic copper, potassium sulphydrate (B. 24 , 
1776), or potassium cyanide (B. 11, 1219) upon stilbene dihalides. 

(10) An interesting method for its production is that of distilling 
fumaric and cinnamic phenyl esters (B. 18 , 1945) : 

C,H.OCOCH I CH.COOC,H, — ^ : CH.CO.OC,H, — C,H,.CH : CH.C.H, 

Dipheayl'funaaric ester Pbenyl-cmnamic ester Stilbeoe. 

Compare also the decomposition of chloro-benzyl-desoxy-benzoln in 
benzoyl chloride and stilbene. 

As an unsaturated compound, stilbene can occur in a second stereo- 
isomeric form. This iso-stilbene is a liquid, b.p.jj 143°, and has a 
pleasant flower-like odour. It is formed by the reduction of tolane or 
iso-bromo-stilbene with zinc dust and alcohol (A. 842 , 208), also from 
the ordinary stilbene by illuminating by ultra-violet light in benzene 
solution (B. 42 , 4871), besides the polymeric distilbene C28H24, m.p. 
163° (B. 35 , 4129). By traces of iodine or bromine, distillation at 
ordinary pressure, or vapours of fuming nitric acid, it passes into the 
stable solid stilbene. Its formation from tolane indicates for iso- 

HC C H HC C H 

stilbene the cis-configuration jjC C*H** C H CH* * represents 

the ordinary stilbene as a trans-configuration. 

When heated with hydro-iodic acid stilbene yields dibenzyl. The 
addition of halogens produces stilbene dihaloids, the haloid esters of 
the hydro-benzoins. Chromic acid oxidises stilbene to benzsildehyde 
and benzoic acid. Thionessal, tetraphenyl-thiophene (y.v.), is pro- 
duced when stilbene is heated for several hours at 250°, together with 
sulphur. Phenanthrene is formed when stilbene is heated. 

With N2O3 and N2O4 stilbene combines to form Ci4^i*(N* 03) and 
CitHj,(N,04) ; the former, on boiling with glacial acetic acid, is partly 
decomposed and converted into the latter, which is to be regarded as 
diphenyl-dinitro-ethane C,H5CH(NO,).CH(NO,)C,H5, a-mod., m.p. 
236“ with decomposition, ]8-mod., m.p. (B. 84 , 3536). 

On treating with alkali it splits off one molecule of nitrous acid and 
passes into 7-nitro-stilbene C,H,CH : C{NO,)C,H5, m.p. 75°, which is 
also obtained by the condensation of phenyl-nitro-methane and 
benzaldehyde by means of aliphatic base (B. 87 , 4509), and by heating 
with methyl-alcoholic potash and then with HCl through a number of 
intermediate products into the isomeric benzyl-monoxime CjHjCOC 
(NOH)C,H, (A. 866, 269). 

o-Methyl-stUbene C,H,C(CH,) : CHC.H,, m.p. 83“, b.p.„ I83^ and 
a-ethyl-stUbene, m.p. 57°, b.p. 296°, from desoxy-benzoin with 
CHjMgl and C,H,MgI ; also from aceto-phenone with QHsCHjMgCl 
(B. 87 , 457, 1450 ; C. 1904, II. 1038). 

Stilbenes having the substituents in the benzene nucleus are 
obtained from substituted benzyl and benzal chlorides : also by 
condensation of substituted benzaldehydes with phenyl-acetic acid; 
or of o-chloro-benzal chloride with copper. 
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o» o^Diehloro-stilbeoe (Cl.C^Hi.CH),, m.p. 97®; and chloro-nitro- 
benzyl chloride and alcoholic potash give rise to dlehloro-nltro-stilbene, 
m.p. 294® (B. 25, 79 ; 26, 640). 

0 , p-Dinitro-stilbeno (N02)j[2, 4]C2HjCH : CHC^H^, m.p. 140®, from 
benzaldehyde and o, p-dinitro-toluol by means of piperidin, give by 
partial reduction with ammonium sulphide o-nltro-p-amido-stilbene, 
m.p. Ill®, and with stannous chloride o-amldo>p-nitro-stilbene, m.p. 
143®, and further 0 , p-diamldo-stilbene, m.p. 120® (B. 84, 2842). 

The action of alcoholic potash upon o- and p-nitro-benzyl chlorides 
gives rise to two physical isomerides in each case : two 0 , o-dlnitro*- 
stilbenes, melting at 126® and 196® respectively, and two p, p-dinitro- 
stilbenes, melting at 2io®-2i6® and 28o®-284® (B. 21, 2072 ; 23, 
1959 ; 26, 2232), which yield corresponding diamido-stilbenes upon 
reduction. 

Ps-Dinitro-stllbene-disulphonie acid is formed by the oxidation of 
p-nitro-toluol-sulphonic acid with alkaline hypochlorite; oo'-dinitro- 
dibenzyl-disulphonic acid is first formed, and on further oxidation 
p-nitro-benzal-dehydro-o-sulphonic acid (C. 1898, II. 94 ; C. 1900, I. 
1085). 

oo'-Diamido-stUbene, melting (cis-) at 123® and (trans-) at 168®, 
changes to indol on heating equivalent quantities of the hydro- 
chloride and base ; aniline is eliminated (B. 28, 1411 ; but see 
Oj-Diamido-dibenzyl). The disulphonic acid of P2-diamido-stilbene 
(melting at 227®), by diazotising and combining with phenol, passes 
into a tetrazo-compound, brilliant yellow. The mono-ethyl derivative 
CH C,H3(S03H)N . NX.H^OH 

fl of the latter is the substantive cotton- 

CH.C,H8(SQjH)N . NC,H 40 C,H, 

dye chrysophenin (B. 27, 3357). See B. 22, R. 31 1 (cp. benzidin dyes), 
for additional dye-substances. On the electrolytic reduction of nitro- 
stilbenes to cyclic azoxy- and azo-stilbenes, see C. 1903, I. 1414. 

o-Oxy-stilbene, m.p. 147® (B. 42, 825). 

p-Oxy-stilbene, m.p. 189°, see A. 349, 107. 

0 , o'-Dioxy-stilbene, m.p. 02®, is formed with other products from 
salicyl aldehyde on boiling with zinc dust and glacial acetic acid (B. 24, 

P2-Dloxy-stilbene, m.p. 281®, is obtained from unsym. diphenol- 
trichloro-ethane (HO[4]C8H4)2CHCCl3, the condensation product of 
phenol and chloral, by treatment with zinc dust or iron powder. By 
attaching bromine at low temperatures it gives pg-dioxy-stilbene 
dibromide, possessing the character of a pseudo-phenol-aJcohol bromide. 
On treatment with sodium acetate it splits off zHBr and yields stilbene- 
quinone, O : : CH.CH : : O, bright-red crystals, which can 

also be obtained direct from the p,-dioxy-stilbene by oxidation with 
PbOg or FeClj, and resembles in its chemical behaviour the simple 
methylene-quinones (A. 335, 157 ; B. 39, 349o)- At higher tempera- 
tures chlorine and bromine act upon pj-dioxy-stilbene as substituents, 
forming tetrachloro- and tetrabromo-p2-dioxy-stilbene dichloride and 
dibromide respectively, which, on treatment with alkali, pass into 
tetrabromo* and tetrachloro-stllbene-qulnone O : (QCljHj) : CH.CH : 
(C^CljHj) : O. These products are sparsely soluble and resemble 
phosphorus (A. 825, 19). 
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8, 4rHethyl6ne-dioxy-8tilbene CH^OjCeHaCH : CHCgHg, m.p. 96°, 
from piperonal and benzyl-magnesium chloride (B. 87, 1431). 

Tolane, diphenyUacetylene C^Hg.C : C.CgHg, m.p. 60°, is produced 
from stilbene dibromide on boiling with alcoholic potash, and, further, 
together with diphenyl-vinyl ether, on treating unsym. diphenyl- 
chloro-ethylene (CeH5)2C : CHCl with sodium alcoholate. 

The latter method proceeds more smoothly with the substituted 
tolanes. Dimothyl-tolane, m.p. 136°, and dimethoxy-tolane, m.p. 145°, 
are obtained from ditolyl- and dianisyl-chloro-ethylene. 

0, 0 -Dichloro-tolane, m.p. 89°, is made from o, o'-dichloro-stilbene 
dichloride. 

Tetrachloro-p-dioxy-tolane, m.p. 226®, see A. 338, 236. 

The tolanes absorb two and four halogen atoms, the products being 
tolane di- and tetrachlorides {q.v.). The elements of water are taken 
up by the action of glacial acetic acid and sulphuric acid, with the 
formation of desoxy-benzoins (below) (cp. Vol. I.). 

The action of nitrous acid gas upon tolane produces a- and )3- 
diphenyl-dinltro-ethylene CgH5C(N02) : C(N02)CeH5, m.p. i86®-i87® 
and io5®-io7° (B. 34, 619). P2-Diamido-tolane, m.p. 235®, and trans- 
formation products, see A. 325, 67. 

Alcohol and Ketone Derivatives of Dibenzyl. 

C,HjCHOH C.H^CO C.HjCHOH CeH^CO C.HjCO 

C^HjCH, C.HjCH, CeH^CHOH CeHgCHOH 

Stilbene hydrate Desoxy-benzoin Hydro-benzoin Benzoin Benzile* 

Stilbene hydrate, benzyUphenyUcarbinol CgH5.CH(OH).CH2.C6H5, 
m.p. 62°, results upon reducing desoxy-benzoin with sodium amalgam, 
and from the action of benzaldehyde upon benzyl-magnesium chloride. 
Similarly, benzyl-phenyl-methyl-carbinol CgH5.C(OH)(CH3).CH2CeH5, 
m.p. 51°, b.p.jg 175®, is obtained from benzyl-magnesium chloride with 
aceto-phenone, or from desoxy-benzoin with CHjMgl ; the latter 
carbinol splits off water with greater difficulty than does the former 
(B. 37, 456, 1450). 

Desoxy-benzoin, phenyl-benzyUketone C6H5.CO.CH2.CgH5, m.p. 60® 
and b.p. 314°. It is obtained by distilling a mixture of cdcium 
benzoate and calcium a-toluate ; also by the action of AICI3 upon a 
mixture of a-toluic chloride and benzene ; by reducing benzoin with zinc 
and hydrochloric acid (B. 21, 1296 ; 35, 912) ; from chloro-benzile and 
benzile (B. 26, R. 585) by the action of hydriodic acid or zinc and HCl ; 
and by heating monobromo-stilbene with w^ater to i8o®~i90®. One 
H atom of its CH2 group can be replaced by sodium and alkyls, but 
not the second (B. 21, 1297 ; 23, 2072). M ethyl- , iso-butyl-, cetyl- 
desoxy-benzovn melt at 58®, 78®, and 76® (B. 25, 2237). 

Its oxime melts at 98®. I so-nitroso-desoxy-benzoin, produced by 
N2O3, is identical with a-benzile-monoxime. Hydriodic acid converts 
desoxy-benzoin into dibenzyl ; see also stilbene hydrate. 

The nitration of desoxy-benzoin produces o-nitro-desoxy-benzoln 
CcH 4(N02)CH2.C0.C3H5, which, upon reduction, yields a-phenyl- 
indol Desoxy-toluoin CH3.CeH4.CH2.CO,CeH4.CH3, 
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and desoxy-anlsoln CH3O.CeH4.CHg.CO.CeH4.OCH8, are formed from 
the conresponchng tolanes (A. 279 , 335, 339) (above), CSClg, or 
carbon disulphide, and caustic potash, convert the desoxy-benzolns 
into desaurins, which form brUliant golden-yellow needles. They 
dissolve in sulphuric acid with a violet-blue colour. The exact con- 
stitution of these bodies is not yet known. The simplest desaurin 
very probably has the composition CeH5COC(CS)CeHe (B. 25 , 1731, 
2239). Cp- 37 , 1599. Mono- and polyoxy-desoxy-benzolns, see 
M. 26 , 927. 

Hydro-benzoin, toluylene-glycol C4H5.CH(OH)CH(OH)C4H5, has two 
as5mimetric C atoms, and occurs in two optically inactive modifications 
(A. 259 , 100) : hydro-benzoin, m.p. 134®, SLudiso-hydro-benzoln, m.p. 119®. 
The latter has been resolved into two optically active components 
(see below). Both are produced, together with benzyl alcohol, when 
zinc and alcoholic hydrochloric acid act upon oil of almonds, or when 
the latter is treated with sodium amalgam, or in the electrolytic reduc- 
tion of benzaldehyde (B. 29 , R. 229). Both are also obtained from 
stilbene bromide or chloride on converting the latter by silver acetate 
or benzoate into esters, and saponif5dng these with alcoholic ammonia. 
With potassium acetate, iso-hydro-benzoin is almost the sole product. 
Hydro-benzoin predominates (with a little iso-hydro-benzoin) when 
sodium amalgam acts on benzoin. This is also the best method for 
its preparation {A. 248 , 36). 

Hydro-benzoin dissolves with difficulty in water, crystallises in 
rhombic plates, melting at 134®, and sublimes without decomposition. 
The diacetate is obtained from benzaldehyde and acetyl chloride by 
means of zinc dust (B. 16 , 636) ; it melts at 134®. 

I so-hydro-henzoin is more readily soluble in water. It crystallises 
in prisms which contain water of crystallisation and rapidly effloresce 
on exposure. Its diacetate is dimorphous, and crystallises in shining 
leaflets, melting at 118®, or in rhombic prisms, melting at 106°. 

C,H,CH.O.CH.C,H, 

Dimolecular anhydrides I l (?), melting at 132® and 

C,H,.CH.O.CH.C,H, 

102°, are obtained, together with diphenyl-acetaldehyde (C4H5)2CH. 
CHO, from both hydro-benzoins by the action of sulphuric acid or PgO^. 

By crystallisation from ether iso-hydro-benzoin has been resolved 
into enantiomorphous dextro- and laevo-rotatory crystals (B. 80 , 1531). 
Chromic acid or potassium permanganate changes l^th hydro-benzoins 
into benzaldehydes, and nitric acid converts them into benzoin (B. 24 , 
1776). PBrj changes both to the same stDbene dibromide CgHj.CHBr. 
CHBr.CgHg, melting at 237®, which has also been made by the action 
of bromine upon stilbene and dibenzyl. Stilbene and bromine yield 
not only the body (the a-) melting at 237®, but also a jS-variety, melting 
at no®. This is more readily soluble. It passes into the higher-melting 
variety under the influence of heat, and this again reverts by alcoholic 
potash into liquid monobromo-stilbene, whereas the ^-modification 
by similar treatment changes to a solid monobromo-stilbene (B. 28 , 
2^3) . Both hydro-benzoins are changed by PCI4 into a- and jS-stUbene 
dlehloilde, melting at 192® and 93®. The a-compound is also produced 
when chlorine acts upon stilbene dissolved in chloroform. When 
heated to 200® the / 5 - passes into the a-variety. 
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Dlphenyl-oxethylamine CeH5.CH(OH)CH(NHg)CeH5, melting at 163®, 
and iso-diphenyl-oxethylamine, melting at 129®, are producJed together 
by the reduction of benzoin-oxime, also from benzaldehyde and benzyl- 
amine, as well as by the condensation of benzaldehyde and glycocoll, 
together with phenyl -a -amido- lactic acid. This last reaction is 
explained by the condensation of benzaldehyde with benzylidene- 
glycocoll in two directions according to the following scheme : 


j C^HjCH : NCHCOOH 
HO.CHQH. 


CeHjCH : NCH.COOH 


C.HfiCHN : CHCOOH 
CeH^CHOH “ 


I. is split up into benzaldehyde and phenyl-amido-lactic acid ; 11. into 

glyoxylic acid and diphenyl-oxethylamine. The two isomeric 

diphenyl-oxethylamines can be separated by means of their benzylidene 
compounds. Nitrous acid converts them both into iso-hydro-benzoin. 
Iso-diphenyl-oxethylamine has been split up into optically active 
components, [a]D= ±109*6® (A. 307 , 79; B. 32 , 2377; 36 , 976). 
The quaternary ammonium bases obtained from the two dimethyl- 
oxethyl - amines by thorough methylation have the formula 

CeH5CH(0H).CH(CeH5)N(CH3)30H, and are broken up by heating 
with water into trimethylamine, water, and diphenyl-ethylene oxide 
CeHgCH.O.CHCeHj, m.p. 69®, and iso-diphenyl-ethylene oxide, m.p. 
42® (B. 43 , 884). 

Diphenyl - ethylene - diamine, sHlbene-diamine C6H5CH(NH2)CH 
(NH3)C3H5, melting at 91®, is produced by reducing benzile-dioxime 
with sodium and alcohol. It is resolved by crystallisation of its 
bitartrate into two optically active components (B. 28 , 3167). 

The reduction of diphenyl-dinitro-ethanes and ethylenes with zinc 
dust and acetic acid produces tetraphenyl-diethylene-diamine, tetra- 
phenyUpiperazin NH[CH(CeH5).CH(CeH3)]NH (B. 34 , 627). 

The dieso - anhydride of an 0, 0 - dioxy - hydro - benzoin 

0 .C,H 4 .CH.CH,CeH40, has been obtained in two modifications, melting 

at 68® and 114®, by the reduction of salicyl-aldehyde with zinc dust 
and glacial acetic acid. 

Benzoin, benzoyl-phenyi-carbinol melting 

at 134®, is produced when the hydro-benzoins are oxidised with 
concentrated nitric acid, and by the condensation of two molecules 
of benzaldehyde with potassium cyanide in aqueous alcoholic 
solution. 

This reaction is also shown by other aromatic aldehydes (see B. 25 , 
293 ; 26 , 60 ; C. 1908, II. 1689). The products are ketone alcohols — 
e.g. anisoin CH30.CeH4CH(0H)C0.CeH4.0CH3 ; cuminoln, etc., from 
anisic aldehyde, cuminol (see Furfurol, Phenyl-glyoxal) — and reduce 
Fehling’s solution, being at the same time oxidised to the corresponding 
benziles. 

d- and 1 -BenzoIn have been obtained by transformation of d- and 
1-mandelic acid amide with phenyl-magnesium bromide (C. 1909, 

II. 2005). 

Chromic acid oxidises benzoin to benzaldehyde and benzoic acid, 
while nitric acid changes it to benzile ; nascent hydrogen reduces it 
to hydro-benzoin. The latter and benzile are produced when benzoin 
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is boiled with alcoholic potash. If air be simultaneously introduced, 
benzile is the chief product, and it is further changed to benzilic acid. 
By heating with concentrated alkali it is partly split up into benzyl 
alcohol and benzoic acid. Prolonged action also jaelds hydro-benzoin, 
stilbene hydrate, etc. (B. 85 , 1982). 

Benzoin hydrazone melts at 75° (J. pr. Ch. 2, 52, 124). Semi- 
carbazone, m.p. 206® (A. 389 , 257). The phenyl-hydrazones melt at 
158° and 106° (B. 28, R. 788) ; the a-oxime at 152°, the j8-oxime at 
99° ; by oxidation with chromic acid the acetyl-/3-benzom-oxime 
passes into the acetyl-y-benzile-oxime, which determines its configura- 
tion (B. 88, 69). 

Alcohols and hydrochloric acid alkylise benzoin : methyl-benzoin 
C,HsCH(OCHj)COC,H 5 melts at 50°, and ethyl-benzoin at 62® (B. 26 , 
2412). Iso-propyl-benzoln, m.p. 72°-75® (B. 26 , 2412; C. 1700, 
I- 454 )- 

The HCl ester of benzoin, desyl-chloride CgHsCHClCOCeHs, m.p. 
68®, is formed by heating of benzoin with thionyl chloride (B. 42 , 

2348). 

Desyl-bromide QHj.CHBrCOCeHs, m.p. 55®, is obtained from 
desoxy-benzoin (see below) and bromine. Aniline converts it into 
desyl-anilide, benzoln-anilide CeH5CH(NHC6H5)CO.CeH5, m.p. 99®, 
which is also produced when aniline is heated together with benzoin. 
\Vhen heated together with aniline hydrochloride to 160°, the product 
is benzoln-anile-aniiide C6H5CH(NH'.QH5)C(^XeH5)CeH5, m.p. 125®; 
and when with aniline and zinc chloride at still higher temperatures, 
NH.C,H4 

diphenyl-lndol ^ ^ ^ ^ (B. 26, 1336, 2640). 

Benzoin-p-toiuide CeH5CH(NHCeH4.CH3)CO.CeH5, m p. 145°, is 
formed in the condensation of benz^dehyde-toluidin by means of 
potassium cyanide (B. 29 , 1736). o-Diamines and benzoin condense 
to dihydro-quinoxaltns ; urea and thio-ureas with benzoin yield gly- 
oxalins, w’hile oxazoles are produced in the condensation of benzoin 
with acid nitriles. For the condensation products of benzoin with 
acetone and aceto-phenone, consult B. 26 , O5. 

Benzile, dibenzoyl, diphenyl-glyoxal CeH5.CO.CO.CeH5, m.p. 90® 
and b.p. 347°, consists of beautiful yellow prisms. It is the most 
easily obtained a-diketone. It is produced on boiling stilbene bromide 
with water and silver oxide, and by digesting benzoin with concen- 
trated nitric acid. 


Benzile and hydrazen hydrate form hydrazi-benzile ( ico.c.lij 


and bis -hydrazi-benzile 

.N\ 


/ NH 


C.H,c(<(j| jC' 


O.C,H, and bls-azi-benzile 


which yield azi- benzile 

on oxidation 

(B. 29, 775). On heating in indifferent solvents the azi-bciizile 
decomposes into nitrogen and diphenyl-ketene (B. 42 , 2346). Benzile- 
mono-ieml-earbazone, m.p. 175°, heated with alcohol, splits off water 
and forms diphenyl-oxytriazin ; benzile-di-semi-carbazone, m.p. 244® 
(A. 889, 243 ). 
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Benzlle-osazone (CeH5)2.C2(NNH.C«H5)2, m.p. 225®, becomes tri- 
phcnyl-oso-triazole on heating (A. 232 , 230 ; B. 26 | R. 198). An iso- 
meric modification of benzile-osazone, m.p. 208°, has been obtained by 
the action of iodine and sodium ethylate upon benzal-phenyl-hydra- 
zone. Derivatives have been similarly obtained. When heated above 
its melting-point it changes to the higher-melting modification (B. 29 , 
R. 863 ; 85 , 3519 ; A. 805 , 170 ; 824 , 310 ; C. 1909, I. 739). 

One molecule of hydroxylamine, acting upon benzile, produces two 
isomeric monoximes, the a- melting at 134®, and the y- at 113®. The 
former passes into the latter by heating it to 100® with alcohol, or 
upon dissolving it in glacial acetic acid with hydrochloric acid. 

a-Monoxime and hydroxylamine form a-benzile-dioxime, while the 
y-monoxime yields y-benzile-dioxime (B. 22 , 540, 709). Compare B. 26 , 
792, R. 52, for their behaviour with phenyl-hydrazin. 

Both monoximes break down, upon heating, into benzo-nitrile and 
benzoic acid. The behaviour of the benzile-monoximes in the Beckmann 
oxime rearrangement is very interesting. It is effected by means of 
PCI5 : a-monoxime (i) yields benzoyl-benzimide chloride (2), readily 
decomposing into benzo-nitrile and benzoyl chloride, while the y-mon- 
oxime (3) yields benzoyl-formic-acid, anilide chloride (4) (A. 296 , 279 ; 
B. 37 , 4295) : 

(I) C,HjCCOC,H 4 (2) CeHjCCl (3) C.HjCCOC.Hj (4) CICCOC.H, 

NOH KCOC,H,; HON ^ C.HjN 

In the first instance the hydroxyl exchanged positions with the 
phenyl residue, in the second with the benzoyl residue, which led to 
the above accepted configuration of the monoximes. 

Two molecules of hydroxylamine convert benzile into two isomeric 
benzile-dioximes, the a- melting at 237®, and the jS- at 207®. A third 
y-benzile-dioxime has been prepared from y-benzile-monoxime ; it 
melts at 163®. The jS-dioxime is the most stable ; the other modifica- 
tions rapidly change to it. Under certain conditions the y-dioxime 
rearranges itself into the a-form (A. 274 , 33). 

Three different esters are produced with acid anhydrides : bcfizile- 
dioxime diacetates — the a-form melting at 148®, the j 3 - at 124®, and the 
y- at 1 14®. Sodium hydroxide saponifies the a- and S-diacetates to 

C,HjC : N 

their oximes, while the y-acetate yields the anhydride | 

diphenyUfurazane {q.v.), which also results from all three dioximes by 
the exit of water. Potassium ferricyanide, in alkaline solution, oxidises 

C,H,C=N— O 

all three to the peroxide | I , melting at 114®. This, when 

C,HjC=N— O 

rapidly distilled, breaks down into two molecules of phenyl cyanate. 

A complete picture is also afforded by the behaviour of the three 
dioximes in the Beckmann rearrangement, w^hich has led to a formula 
for the present case of isomerism on the assumption that the oxime 
hydroxyls invariably exchange positions with the atomic groups 
adjacent to them (A. 274 , i) : 

I. a-Benzile-dioxime yields chlorides with PCI5 by a change in 
position first of the one and then of the second hydroxyl, which can be 
converted into the anhydrides ; dibenzenyl-axoxime and diphenyUoxy- 
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biaxole {q.v.), whose hydrates are included in the following diagram for 
the sake of clearness ; 


C,H,C C.C,H, C,H,CO|H HO|N N N 

II II ► II II ► II , ,11 

N.OH HON N CC,H, C.H..C O|H HOj c.C.H. 

a*Beiizile-dioxime Dibenzenyl-azoxime Dipbenyl-oxy-biazole. 

11 . y-Benzile-dioxime in the first stage of the reaction also yields 
dibenzenyl-azoxime, but by a second change in position phenyUbenzoyl- 
urea is produced : 

C^HjC C.C,H, HO.C N 

II II ► II II 

HO.N HON CgHe.N HOC.CgH, 

y-Beazile-dioxime Phenyl-benzoyl-urea (pseudo-form). 


III. jS-Dioxime by a double change in position yields oxanilide : 


C^HjC C.C,H, 

II II 

HO.N N.OH 
y- Benzile-dioxime 


HOC- 


CgH^.N NC,H, 
Oxanilide. 


The ready transition of the y-diacetate into furazane is not in 
harmony with the preceding confi^ration of the dioximes ; this might 
rather be expected from the a-diacetate. 

The analogy of the benzile-dioximes with the osazones of dioxo- 
succinic ester is rather remarkable ( 1 . 528). These osazones also occur 
in three forms, one of which is stable and the other two unstable, 
so that the assumption of similar causes for the isomerism is not yet 
excluded (B. 28 , 64). 

Aniline and benzile heated to 200® yield benzile-monanile QH^CO. 
C(NCeH5)QH5, melting at 106® ; on adding the product is benzile- 
dianile QH5C(NCjH5)C{NCjH5)QH5, melting at 142° (B. 25 , 2600 ; 
26 , R. 700). Benzile, being an o-iiketone, is particularly well adapted 
for the formation of heterocyclic ring^. It condenses with ethylene- 
diamine to a dihydro-pyrazxne derivative, with ortho-diamines to 
quinoxalins, with o-amido-diphenylamine to a stilbazonium base (see 
this), with ureas and thio-ureas to urelns and diureins, with semi- 
carbazide to oxy-diphenyUtriazine, etc. Hydriodic acid reduces it to 
desoxy-benzoln, while (iromic acid oxidises it to benzoic acid. On 
standing with potassium cyanide and alcohol it breaks down into 
benzoic acid and benzaldehyde. See B. 28 , R. 465 ; 29 , R. 645, 865 ; 
C. 1897, I. 596 ; 1903, I. 877 ; 1905, II. 243, for the condensation of 
benzile with malonic ester and aceto-acetic ester. 

The conversion of benzile into benzilic acid by fusion with caustic 
potash or upon boiling with alcoholic potash is important : 

C,H,COCOC,H, (C,H,),C(OH)COOH. 

Phos{^orus pentachloride changes benzile to ehloro>benzOe C,H,. 
COCCI, C,H„ m.p. 6I^ and, later, to tolane tetrachloride C,H,CC 1 ,CC 1 , 
C,H,, m.p. 163**. The latter has also been obtained S3mthetically on 
heating benzo>trichloride with copper, whereas benzile is produced 
when it is heated together with glacial acetic acid or sulphuric acid. 
As bcaizile is ob^yned from benzoin, so anlslle (CH,O.C,H,CO)a, 



ALCOHOL DERIVATIVES OF STILBENE 619 

melting at 133®, eumlnlle (C,H,.C,H4CO)|, melting at 84®, have been 
prepared by the action of nitric acid upon anisoin and cuminoin. Ani- 
sile and a hexamethoxy-henzUe [(CH3.0)3C4H2C0]j, m.p. 189®, have 
been obtained by alkaline reducing agents from anisamide and tri- 
methyl-gallamide (B. 24 , R. 523). 

These benziles, when fused with caustic potash, yield : 

Anisilic acid, cumUic acid, and hexamethoxy-benxilic acid (see 
above). 

The osaxones of several substituted benziles, like salicile, cuminile, 
anisile, piperile, like benzile-osazone itself, have been obtained by the 
action of atmospheric oxygen upon the alkaline alcoholic solutions of 
the phenyl-hydrazones of the corresponding aldehydes : salicyl-alde- 
hyde, piperonal, etc. (A. 308 , i). 

Pj-Tetramethyl-diamldo-benzUe (CH3) »NC,H«.CO.COr3H4N(CH3) 3, 
m.p. 198°, is obtained by heating oxalyl chloride with excess of 
dimethyl-aniline (B. 42 , 3487). 

Alcohol Derivatives of Stilbene are not known in a free 
condition ; when their esters are saponified, isomeric ketones are 
obtained for the most part (see Phenyl-vinyl alcohols) : 

Bromo-stUbene C.H,CBr:CHC,H, C,H,CO.CH,C,H, benzofn 

Iso-benzUe C,H,C(OCOC,H,) :C(OCOC,H»)C,H,-».C,H,CO.CH(OH)C,H5 Benzoin. 

However, benzoin reacts in most cases as if it were an unsaturated 
glycol with the formula CeH5C(OH) : C(OH)CeH6. 

Monochloro-stilbene C^H^CH : CCl.C^Hg is an oil boiling at 320®- 
324°. It is produced when PCl^ acts upon desoxy-benzoin, and by 
the action of alcoholic potash on stilbene dichloride. WTien boiled 
with glacial acetic acid it is transformed into an isomeric modification, 
melting at 54®. Chlorine and bromine convert it into chloro-stilbene 
dichloride CeHgCClg.CHCl.CeHg, m.p. 103°, and chloro-stilbene di- 
bromide, m.p. 127® (C. 1897, I. 858). Methyl-chloro-stilbene CeHgC 
(CH3) : CCIC3H5 is obtained from methyl-desoxy-benzoin, and behaves 
similarly. It is an oil, and melts at 118® (B. 25 , 2237 ; 29 , R. 34). 
Monobromo-stilbene, m.p. 31®, results on treating jS-stilbene dibromide, 
m.p. no®, with alcoholic potash ; whereas the stilbene dibromide, m.p. 
237®, yields an iso-bromo-stilbene, m.p. 19°. On the application of 
heat the latter passes into the solid isomeride. Reduction with zinc 
and alcohol converts iso-bromo-stilbene into liquid iso-stilbene. 

Diacetyl-dloxy-stilbene, stilbene-glycol diacetate CeH5C(OCOCH3) : 
C(OCOCHs)C 3H3, a-modification, m.p. 153®, j 3 -modification, m.p. no®, 
is formed by the reduction of benzile in acetic anhydride and sulphuric 
acid with zinc dust (A. 806 , 142). 

lso^h^VLt!l\^^stilhene-glycoldibcnzoateQfi^C(0£OQ^^ : C(OCOC3H5) 
C^Hj, colourless needles, m.p. 156®, is obtained by the action of metallic 
sodium upon the ethereal solution of benzoyl chloride (V’ol. I.). It is 
a polymeride of benzile. When saponified with caustic potash it 
is resolved into benzoic acid and benzoin (B. 24 , 1264). 

Dichloro-stilbene, tolane dicMoride CeHgCCl : CCl.C^H,, exists in 
two modifications: a-, m.p. 143®; m.p. 63®. Both are formed 
by the addition of chlorine to tolane, or by the reduction of tolane 
tetrachloride with iron and acetic acid, as well as from chloro-stilbene 
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dichloride (see above) with caustic potash. Chloro-bromo-sUlbene 
C^HjCCl : CBrC^Hj, m,p. 174®, is similarly prepared from chloro- 
stilbene dibromide. Dibromo-stilbenes^ a> melting at 208®, and ) 3 - melting 
at 64®, are obtained from tolane and bromine. Concerning pj-dioxy- 
derivatives of dichloro-stilbene, and their conversion into the 
methylene-quinones of the dibenzyl series, see /. pr, Ch, 2, 58 , 228 ; 
A. 825 , 67. 

Carboxylic Acids of the Dibenzyl Group. — These consist 
of : {a) those in which the carboxyl group is in the benzene nucleus ; 
(b) such as have the carboxyl group in the side chain : diphenylated 
fatty acids. 

The first group is composed chiefly of a series of o-carboxylic acids 
produced by phthalic anhydride condensations : 

Dibenzyi-o, o'- and -p, p'-diearboxyllc acid C02HCeH4CH2. 
CH2C4H4CO2H. m.p. 231® and over 320®, are formed by the oxidation 
of o- and p-toluic acid with potassium persulphate (B. 87 , 3215). 

o-Desoxy-benzoIn-carboxylio acid C4H5.CH2.C0.CeH4.c60H( +H2O), 
melting at 75®, is formed when boiling alkalies act on the cor respondin g 

lactone. Beuzylidene-phthallde, henzal-phthalide C4H4.CH : dCeH4C00, 
melting at 99®, which results from the condensation of phthalic 
anhydride and phenyl-acetic acid with the elimination of COg. 

By means of nitro-benzal-phthalide, benzal-phthalide can be changed 

to iso - benzal- phthallde QHgt : CH.CeH4.C06, melting at 91°, the 
anhydride of j 3 . o-desoxy-benzoln-carboxylic acid CeH5.CO.CH2.CeH4. 
CO2H, melting at 163®. The latter is made by decomposing jS-phcnyl- 
hydrindone with caustic soda, and from homo-phthalic anhydride with 
benzene and AICI3 (B. 81 , 377). Benzal-phthalide sustains a different 
rearrangement under the influence of sodium alcoholate ; the sodium 
salt of / 9 -phenyl-diketo-hydrindene is then produced : 

C : CH C.H. COO C,H,CH C C.H^.COO ► CeH^CH CO Cel^-Coi 

Iso-benzal-phthahde Benzal-phlhalide Phenyl-dikcto-hydrindene. 

H3^drazin con\'erts benzal-phthalide into benzyl - phthalazone 
N NH 

1 ) I . By reduction with glacial acetic acid and zinc it 
C4H,.CH,.C C4H4.CO 

passes into benzyl-phthalimidine CeH5CH2.CnC4H4.CO.NH, melting at 
137®. It can also be obtained by the reduction of benzal-phthalimidine 
(B. 29 , 1434, 2743). Homologues of benzal-phthalide, see B. 32 , 
1104, etc. 

0, o-Desoxy-benzoIn-dlcarboxylic acid COOH.CeH4.CH2.CO.CeH4. 
COOH, melting at 239®, is obtained upon heating monophthalic acid 
and sodium acetate (B. 24 , 2820). The reduction of desoxy-benzoin- 
mono- and dicarboxylic acids fields dibenzyl-mono- and dicarboxylic 
acids, melting at 131® and 225®. The oxidation of o-desoxy-benzoin- 
carboxylic acid pr^uces o-benzUe-carboxylic acid CeH5.CO.CO.CeH4. 
COOH, occurring in two modifications, one yellow in colour, melting 
at 141®, and another white, melting at I25®-I30° (B. 28 , I 344 » 2079 ; 
29 , 2745 ; C. 1898, IL 481). 

0, o-BeniUe-diearbozylle acid, diphihalylic acid (COOHCeH4CO)2 or 
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(l)COCeH4t(OH) .(i(0H)C,H4C06, m.p. 273®, gives with acetyl chloride 
a diacetyl derivative ; the acid esters are colourless, like the acid itself, 
while the neutral esters are yellow. Diphthalide acid is formed by the 
oxidation of chryso-quinone and chryso-ketone (A. 811 , 264). The acid 
is formed from phthalic anhydride with zinc dust and ac etic acid an d 

s ubsequen t oxidation, or by the oxidation of diphthalyl C).OC.CeH4i : 

(ic4H4Co6, melting at 334®. This latter body has been produced by 
the condensation of phthalide and phthalic anhydride with potassium 
c yanide (see format io n of benzoin, p. 615) . Tetramethoxy-diphthalyl 

6 .oc.c,h,(och 3),6 :(!:c,h,(och,)co 6 (b. 24, r. 820: cp. b. 26, 

540) is similarly made by the condensation of opianic ester. 

Tetramethoxy- diphthalyl 6oCC,H,(OCH3)3C : (!;C,H3{OCH3 ),Co6 
(B. 24 , R. 820 ; 26 , 54o)l 

Dithlo-dlphthalyl ko.C.H,^ : CC4H4COS, yellow-green needles, 
m.p. 333°, see B. 31 , 2646. 

Dihydro-diphthalyl-dl-lmlde NH.CO.CsH4.CH.CHCeH4CO.NH, melt- 


ing with decomposition at 284°, results from the condensation of two 
molecules of phthalic anhydride with methyl-alcoholic ammonia. This 
substance is isomeric with indigo white (cp. B. 29 , 2745). 

Hydro-dlphthalyHactonic acid HOOCC^U^ChJcUC^U^COO, m.p. 
198®, IS formed on heating homo-phthalic acid to 230® (B. 31 , 376). 

Dibenzyl-carboxylic acid a-phenyUhydrc-cinnamic acid, a, jS- 
di phenyl-propionic acid, benzyl-phenyl-acetic acid CsHsCH2CH(CsH5) 
COOH, appears in three physical isomerides. melting at 95®, 89®, 82®, 
boiling at 335® (B. 25 , 2017). Its nitrile results upon introducing benzyl 
into benzyl cyanide, a-Phenyl-o-amido-hydro-cinnamic acid, melting 
at 148®, is obtained in the reduction of a-phenyl-o-nitro-cinnamic acid 
(B. 28 , R. 391). It changes very^ readily into its lactame — ^-phenyl- 


hydrocarhchsiyrile 


CH,--CH(C,H4)C0 


, melting at 174®. 


a^-Diphenyl-valeric acid C2H5CH(CsHs)CH(CsH6)COOH, m.p. 178® ; 
its nitrile, m.p. 115®, is formed by attaching CjHs^^gl a-phenyl- 
cinnamic acid nitrile (C. 1906, II. 46). 

Stilbene-carboxylic acid, a-phcnyl-cinnamic acid CsHsCH : C(CsH5) 
COjH, melting at 172®, is formed in the condensation of benzaldehyde 
with phenyl-acetic acid. Allophenyl-cinnamic acid, m.p. 137® (C. 1897, 
II. 663) is also formed ; also stilbene on heating and expulsion of CO* 
(/. pr. Ch, 2, 61 , i). a-Phenyl-cinnamIc nitrite, m.p. 86®, from benzyl 
cyanide, benzaldehyde, and sodium ethylate. By reduction it becomes 
a-phenyl-hydro-cinnamic acid, but does not add bromine. The action 
of bromine upon the sodium salt produces bromo-stilbene (B. 26 , 659). 
a-Phenyl-o-amido-cinnamic acid, m.p. 186®, the reduction product 
of o-nitro-a-phenyl-cinnamic acid, obtained in the condensation of 
o-nitro-benzaldehyde with phenyl-acetic acid, yields j8-phenanthrene- 
carboxylic acid [q,v.) (B. 29 , 496) when its diazo-derivative is shaken 
with copper in powder form. The nitrile of phenyl-o-amido-cinnamic 
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acid is easily transposed into a’amldo-jS-phenyl-qulnolln, so that syn- 
thesis gives the latter instead of the nitiile (B. 82 , 3399). The lactone 

of phenyl-o-oxy-cinnamic acid, a-phenyl»eumailn 

m.p. 140°, is formed from salicyl-aldehyde and phenyl-acetic acid ( /. 
pr. Ch. 2, 61, 178). 0-, m-, and p-Oxy-bensal-benzyl cyanide HOC^Hi 
CH : C(CN)CeH5, m.p. 104°, 107®, and 192° (B. 87 , 3163). 

a-Stilbene-methyl-ketone, 3, ^-diphenyl-buienone^i C^H^CH : C(C0H5) 
COCH3, m.p. 51®, from benzaldehyde and phenyl-acetone with 
gaseous HCl. It does not add bromine, but gives on reduction with 
sodium amalgam 8, 4-diphenyl-butanone CeH5CHs.CH(CeH5)COCHg, 
b.p. 310® (M. 22 , 659). 

Stilbene - propionic acid, y, h-diphenyUalyUacetic acid C3H5CH : 
C(C4H5).CH2.CH,C00H, m.p. 106®, from s^um-a-phenyl-glutarate 
with benzaldeh3^de and acetic anhydride (B. 84 , 4177). 

Desyl-acetic acid, ^^-phenyl-benzoyUpropionic acid CeHj.COCH 
(C3H5).CH2.C00H, m.p. 161®, is obtain^ as ester from the interaction 
of sodium desoxy-benzoin and bromacetic ester (A. 819, 164) ; it is 
also formed from phenyl-succinic-jS-methyl ester acid chloride with 
benzene and AICI3. By treatment with acetic anhydride sulphuric 
acid in the cold the acid gives unstable diphenyl-A*-croto-lactone 

: C(C4H3)CH2Co 6, m.p. 100®, which, on boiling with acetic an- 
h\ dride or treatment with alkalies, passes into the stable diphenyl- 

A^-croto-lactone C2H5CH.C(CeH5) : CHCob, m.p. 152®. Both lactones, 
treated with alkalies, regenerate desyl-acetic acid ; by the action of 
permanganate or bromine the stable diphenyl-croto-lactone gives 
desylene-acetic acid C4H5CO.C(CeH5) : CHCOOH, m.p. 139®, which 
has also been obtained from desylene-malonic ester, the condensation 
product of benzile ^^ith malonic ester (A. 819, 155). Desyl-acetic acid 
and the stable diphenyl-croto-Iactone are also formed from diphenyl- 
a-keto-butyro-lactone (i), the condensation product of phenyl-pjTo- 
racemic acid and benzaldehyde, which, on reduction, first yields an 
oxj’-lactone (2), and from the latter, by rejection of water, ^phenyl- 
croto-lactone (3) (B. 81, 2218 ; 86, 2344 ; A. 888, 160). 

(I) ( 2 ) (3) 

C.H4cH.CH(C.H.) Vq ^ C4H.CH.CH(C4H,)\ ^ C4H.CH.C(C4H4)%^jj 

0 CO/ 0 co/ O CO/ 

Dibenzyl - dicarboxylic acid, synL diphenyl - succinic acid 

C4H,.CH.C00H 

1 , occurs similarly to the dialkyl-succinic acids in 

C 4 H 4 .CH.COOH 

two isomeric forms. The a-acid (+H2O) is produced on heating 
phenyl-bromacetic acid (2 mols.) with alcoholic CNK, also (together 
with the jS-acid, m.p. 229®) from stilbene-dicarboxylic acid with sodium 
amalgam. The acid, containing one molecule of water, melts at 185® 
when rapidly heated ; it loses water and remelts at 220®. When heat^ 
to 200® with hydrochloric acid it changes to the / 5 -acid. Its anhydride, 
melting at 116®, is readily produced by means of acetyl chloride. 

The / 5 -acid yields an anhydride (but with more difficulty) when heated 
with acetyl chloride (B. 28 , 117, R. 574 ; A. 259 , 61). It melts at 112®. 

The nitriles CJH[*CH(CN)CH(CN)C,H*, the a- melting at 160® and 
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the melting at 240®, result from the condensation of phenyl-aceto- 
nitrile with mandelo-nitrile by means of potassium cyanide (B. 25 » 
289 ; 26 , 60). Both nitriles yield the jS-add when they are saponified. 

a, jS - Diphenyl - glutaric acid CeH5CH(C02H)CH(CeH5)CH2C02H, 
ni.p. 231® ; its ester is obtained by attaching phenyl-acetic ester to 
cinnamic acid ester by means of sodium ethylate (B. 42 , 4497 ; C. 1908, 
1. 1776). 

p, y-Diphenyl-adlpIc acid COjHCH,CH(C,Hs)CH(C,H,)CH,COjH. 
two modifications, m.p. 270® and 170®. Dimethyl esters, m.p. 175® 
and 73®, are formed by the reduction of cinnamic acid ester with A 1 
amalgam, together with hydro-cinnamic acid ester. The great simi- 
larity to truxillic acid is noteworthy (A. 348 , 16 ; B. 39 , 4089). 

Stilbene-dicarboxylic acid, diphenyl-maleic acid, decomposes im- 
mediately when separated from its salts, like the dialky lie maleic acids, 

CgH.C.CO. 

into water and its anhydride ^ ^ ^ 55 ^- "The latter 


condenses, like phthalic anhydride, with phenyl-acetic acid and quickly 

C,H,C— C=CH.C,H, 

changes to benzal-dlphenyl-malelde || \ q , which behaves 

just like benzal-phthalide (B. 24 , 3854). The salts of diphenyl- 
maleic acid are formed when dlcyano-stilbene CeH5C(CN) : C(CN)CeH5, 
m.p. 158®, are saponified with alcoholic potash. This nitrile is pro- 
duced when phenyl-chloraceto-nitrile is treated with CNK or NaOCgHg, 
or by the action of sodium alcoholate and iodine upon phenyl-aceto- 
nitrile (B. 25 , 285, 1680). 

Stilbene-succinic d,cli^y‘benzylidene-y-phenyl’pyro 4 ariaric acid, from 
benzoin with succinic ester and sodium alcoholate. With Br the acid 


gives a bromo-lactonic acid, which on heating yields an unsaturated 
lactonic acid CeH5dH.L(C,H5) : C(Co6)CH2COOH and a dilactone 
C,H5(l:H.C(CeHs).CH(C06)CH,C00 (A. 308 , 156). 

4 , 5 - Diphenyl- octane - 2 , 7 - dione, ajS - diacetonyl-Jibenzyl 


C,H,.CH.CH,.C0.CH3 „ „ 

, m.p. 161° and b.p. 335 -340°, may be regarded 

C.lI,.CH.CH,.CO.CHs 

as a derivative oi dibenzyl. It might be designated ajS- diacetonyl- 
dibenzyl It results in the reduction of two molecules of benzyl- 
idcne-acetone in feebly acid or neutral solution (B. 29 , 380, 2121). 
Homologous diketones arc formed from homologous benzylidene- 
ketones by reduction (B. 35 , 066). 

C. Tri-, Tetra-, Tenia-, and Hexaphenyl-ethane Group . — Triphenyl- 


ethane (CeHj),CHCH,CeHs, b.p. 348° (B. 87 , 1455), by reduction 
of triphenyl-ethylene, a-phenyl-stilbene (CeH5),C : CHC,Hj, m.p. 68°, 
b.p. 221° ; also by extracting water from benzyl-diphenyl-carbinol 


(B. 87 , 1429, I 455 )' 

Triphenyl-ethanone, or triphenyl-vinyl alcohol (C,H5)j.CH.CO.C,Hj 
or (CjH 5),.C : C(OH)CgH5, m.p. 136°, results from the action of benzene 
and aluminium chloride upon chloral, upon dichloro- or trichoro-acetyl 


chloride (B. 29 , R. 292 ; A. 296 , 219 ; 888, 92) ; also from trlphenyl- 
ethylene-glycol iCeH5)gC(OH)CH(OH)C,Hj, m.p. 164°, the product of 
the action of CjHjMgBr upon benzoin or mandelic ester (B. 87 , 2762), 
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on heating with 25 per cent. H2SO4 (C. 1908, I. 830). Potassium 
permanganate oxidises it to benzo-phenone and benzoic acid, while 
alcoholic potash resolves it into diphenyl-methane and benzoic acid. 
With hydroxylamine chlorohydrate it yields an oxime, m.p. 182® (C. 
1906, II. 1061). With acetyl chloride and benzoyl chloride we obtain 
triphenyl-vinyl acetate and benzoate derivatives of the alcohol form. 

Bromine in carbon disulphide converts it into triphenyl-brom- 
ethanone (CeH5)2CBrCOC4H5, m.p. 97®, in glacial acetic acid ; however, 
by replacement of bromine with hydroxyl triphenyl-oxy-ethanone, 
phenyUhenzoin (CeH5)2C(OH)COC4H5, m.p. 84®, results. This is also 
obtained by the oxidation of diphenyl-ethanone with HNO3, and from 
benzile with CflHgMgBr (B. 32 , 650 ; 87 , 2758). Reduction of triphenyl- 
ethanone or its bromination product gives triphenyl-ethanol, benzo- 
hydryUt phenyl-, carbinol (CeH5)2CH.CH(OH)C3H5, m.p. 87®, isomeric 
with benzyl-, diphenyl-carbinol (see above) (C. 1897, II. 661). 

Triphenyl - methyl - ethane, a, a, ^-iriphenyl-propane (CgHg) 2CH . 
CH(CH3)C3H5, is probably the product obtained by the reduction of 
diphenyl-indone with phosphorus and hydriodic acid. Diphenyl- 
indone is an intermediate product in the condensation of benzo- 
phenone chloride with phenyl-acetic ester, whereby there results — 

Triphenyl-acrylic ester (CeH5)2C : C(CeH5)COOR. The acid, melting 
at 213®, corresponding to this ester is obtained from its nitrile, melting 
at 163®, the condensation product of benzo-phenone chloride and benzyl 
cyanide (B. 28 , 1784 ; 29 , 2841) The acid is also obtained from 
triphenyl - propionic acid (CeH5)2CH.CH(CeH5)C0.2H, m.p. 211®, the 
product of attachment of C^HsMgBr to a-phenyl-cinnamic ester, by 
bromination and rejection of HBr (C. 1905, I. 824 ; B. 34 , 1963). 
When diphenyl-indone is fused with caustic potash it yields an acid, 
melting at i8b®, which is isomeric with triphenyl-acrylic acid. It is 
probably — 

a, j3-Diphenyl-vinyl-o-benzoicacidCOOH[2]C3H4C(CeH3) : CH.C4H5. 

Both acids, when heated with ZnC^, revert again to diphenyl-indone 
(B. 30 , 1282). 

Tetra-phenyl-ethane (C4H5)2CII.CH(C4H5)2, melting at 209® and 
boiling at 370®~383®, is formed w’hen benzo-phenone or benzo-hydrol 
chloride (C^H^jjCHCl is heated with zinc, and thio-benzo-phenone with 
copper ; further, by the reduction of tetraphenyl-ethylene with sodium 
and alcohol, of benzo-pinacone or benzo-pinacolin (see below) with 
hydriodic acid and phosphorus, as well as by the condensation of 
stilbene bromide, of tetrabromo-ethane, or of chloral with benzene and 
AICI3 (B. 18 , 657 ; 26 , 1952 ; A. 296 , 221). 

Unsym. tetraphenyl- ethane (QHgjaC.CHgC^Hj. m.p. 144®, is 
formed by the action of CeHjCHjMgCl upon triphenyl-chloro-methane, 
or of (CeH5)jCMgCl or (C4H5)3CK upon benzyl chloride (B. 41 , 435). 

Tetraphenyl-ethylene (CeH5)X : C(CeH5)2, melting at 221°, is 
formed, together with tetrapnenyl-ethane, from benzo-phenone and zinc 
and is also obtained on heating benzo-phenone chloride with silver or 
wdth zinc dust, together with the benzo-pinacolins (B. 29 , 1789), also by 
beating benzo-phenone chloride with diphenyl-methane (B. 43 , 2958). 
By oxidation it is split up into two molecules of benzo-phenone. It 
unites writh chlorine in CCI4 solution to form tetraphenyl-ethylene 
dichloride (CeH4)2CCl.CCl.(CflH5)3, m.p. 186®. which is also obtained 
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from benzo-phenone chloride by the action of molecular silver or mercury 
as well as sodium iodide in acetone solution. With two, molecules of 
CHCI3 or CCI4 it gives crystalline addition products. Two chlorine 
atoms in the tetraphenyl-ethylene dichloride are very loosely bound. 
On heating alone it splits up into tetraphenyl-ethylene and chlorine, 
the latter partly acting as a substituent. Upon boiling with water we 
obtain a-benzo-pinacolin ; with methyl alcohol, jS-benzo-pinacolin. 
The action of AICI3 upon the benzene solution brings about rejection of 
2HCI and formation of 9, lo-diphenyl-phenanthrene (B. 43 , 1533, 2940). 
Tetra - methyl - diamido - tetraphenyl - ethylene (CH3)2NC3H4(CeH3)C : 
C(C3H5)C3H4N(CH3)2, m.p. 225°, by reduction of dimethyl-amido- 
benzo-phenone with tin and HCl. In acid solution with oxidising 
agents like FeCl3 it gives intensely red colorations (B. 39 , 3765). 

The alcohols of the tetraphenyl group are the pinacones of benzo- 
phenone and its homologues. They are formed, like the pinacones 
of the aliphatic series, from the ketones, together with secondary 
alcohols, by the action of nascent hydrogen. 

Benzo - pinacone, tetraphenyl - ethylene - glycol (CgHg) 2C(OH)C{OH) 
(C3H5)2, melts at 185° and splits into benzo-phenone and benzo-hydrol. 
It sustains a like change when boiled with alcoholic potash. It is 
formed from benzo-phenone by the action of zinc and sulphuric acid 
or by the decomposition of sodium benzo-phenone (B. 25 , R. 15), or by 
condensation of oxalic methyl ester, or benzilic acid ester, with 
CgHgMgBr (C. 1903, I. 967 ; B. 37 , 2761). By heating with con- 
centrated HCl or dilute sulphuric acid to 200°, benzo-pinacone, like 
the ordinary pinacone (Vol. I.), passes with rejection of water and 
migration of a phenyl group into the so-called /S-benzo-pinacoUn 
(CflH5)3C.COC3H3, m.p. 170®, which is also obtained synthetically by 
the action of triphenyl-methyl-magnesium chloride upon benzaldehyde 
and subsequent oxidation, as well as from triphenyl-acetyl chloride 
and phenyl-magnesium bromide (B. 43 , 1140) ; its constitution is 
proved not only by these syntheses, but also by the splitting up into 
tnphenyl-mcthane and benzoic acid on heating N^ith soda lime and by 
the formation of triphenyl-carbinol and benzoic acid during oxidation. 
jS-Benzo-pinacolin can also be obtained direct from benzo-phenone 
with zinc dust and acetyl chloride besides the isomeric a-benzo- 
pinacolin, m.p. 203°, which is easily converted by acids into jS-benzo- 

I I 

pinacolin and is probably tetraphenyl-ethylene oxide (C3H5)2C.O.C(C3H5)a 
(B. 29 , 2158 ; 43 , 1153). By heating with zinc ethyl j 3 -benzo-pinacolin 
can be reduced to benzo-pinacolin alcohol (C3Hfi)3C.CH(OH)C6H5, 
m.p. 151®, which on heating with acetic anhydride passes into tetra- 
phenyl-ethylene with return of the phenyl group (B. 23 , R. 769) 
(cp. the analogous formation of tetramethyl-ethylene from pinacolin 
alcohol, Vol. I.). p4-Tetrachloro-benzo-pinacolin, see C. 1907, I. 475. 

Pentaphenyl-ethane {C3H3)3C.CH{C3H3)2, m.p. 179°, in CO, 
atmosphere, is formed by the transposition of diphenyl-methyl-mag- 
nesium bromide (C3H3)2CH.MgBr with triphenyl-chloro-methane (B. 39 , 
1466), as well as the action of zinc upon a mixture of diphenyl-bromo- 
methane and triphenyl-chloro-methane in acetic ester (B. 43 , 2945). It 
is not so stable as the entirely stable tetraphenyl-ethane, and in that 
respect approaches the easily dissociated hexaphenyl-ethanes. On 
VOL. II. 2 S 
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hea^g in the air it is decomposed with absorption of oxygen. By 
boiling its solutions in anisol or benzoic acid ester it is spht up into 
triphenylmethyl or hexaphenyl-ethane and sym. tetraphenyl-ethane 
(B. 43 , 3541). 

2(C,H3)3C--CH(C,H5), ^ [(C.Hs)3CH3+[~CH(CeH3)3],. 

Similarly, it decomposes on heating with benzene and HCl, or by the 
action of sulphuryl chloride (B. 40 , 367 ; 48 , 2945). 

Pentaphenyl-ethyl alcohol (Cell5)3C.C(OH)(C3H3)3, m.p. 179®, from 
j 5 -benzo-pinacolin and C^HjMgBr (B. 43 , 1145). 

Hexaphenyl-ethane, m.p. about 95® : this exceedingly interesting 
hydrocarbon was first obtained by Gomberg (1900, B. 33 , 3150) by the 
action of zinc upon benzene solution of triphenyl-chloro-methane 
(see A. 872 , 17). It is distinguished by its great reactivity, which 
makes it appear as an unsaturated compound. In solution it greedily 
absorbs atmospheric oxygen with the formation of a peroxide 
[(C3H5)3C]303, m.p. 185®, which on treatment with concentrated 
sulphuric acid gives triphenyl-carbinol. Iodine solution is also 
instantly decolourised with formation of triphenyl-iodo-m ethane 
(B. 35 , 1824). With benzene, ether, acetic ester, etc., hexaphenyl- 
ethane forms crystal compounds which are easily dissociated (B. 38 , 
1333, 2447). Colourless in the solid state, hexaphenyl-ethane has a 
yellow colour when dissolved. This colour, on shaking with air, 
disappears with a precipitation of the peroxide mentioned, but the 
colour reappears in a short time. The substance therefore exists in 
solution in a colourless and a yellow modification, in a state of equili- 
brium dependent upon the solvent and the temperature. Only the 
coloured modification shows characteristic unsaturated behaviour of 
hexaphenyl-ethane (Schmidlin, B. 41 , 2471). It is assumed that by 
the binding of the six unsaturated phenyl groups the affinities of the 
ethane-carbon atoms are so much engaged that the affinities required 
for binding these two carbon atoms do not suffice for a solid and 
normal binding, and that therefore the hexaphenyl-ethane passes in 
solution partly into the yellow unsaturated, and therefore very reactive 
free radicle, triphenyl-methyl : 

(C,ll,),C^C(C,U:,), 2(CeH3)3C-. 

Triphenyl-methyl is therefore the first example of a compound in 
which one carbon atom only binds three univalent atomic groups, and 
in which, therefore, carbon appears as a trivalent element. Hexa- 
phenyl-ethane therefore shows a behaviour parallel with that of 
nitrogen tetroxide, which, while colourless at low temperatures, de- 
composes on heating into the coloured and very reactive hemimeric 
nitrogen dioxide. From this point of view it is remarkable that the 
organic radicle (C3H5)3C unites with the inorganic radicles NO and NO, 
to form a colourless triphenyl-nitroso-methane (QH^lsC.NO and 
triphenyl-nltro-methaiie (C3H3)3C.N02, m.p. 147®, which, on heating, 
easily decompose into their components (B. 44 , 1169). 

The action of concentrated HCl converts hexaphenyl-ethane and 
triphenyl - methyl into p - diphenyl - methyl - tetraphenyl - methane 
(B. 87 , 4790). 
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Besides the methods indicated, the following have also been used 
for preparing hexaphenyl-ethane ; (i) from triphenyl-methyl-mag- 
nesium chloride and triphenyl-chloro-methane (B. 41 , 423) ; (2) by 
electrolysis of triphenyl-bromo-methane in SO2 solution (A. 372 , ii) ; 
(3) from hydrazo-triphenyl-methane (CeH5)8C.NH.NH.C(CeH5)8 by 
oxidation with potassium hypo-bromite by way of the unstable azo- 
compound (B. 42 , 3020). 

While solid hexaphenyl-ethane does not pass into triphenyl-methyl, 
and even its solution does so only in small quantities (see B. 87 , 2041 ; 
42 , 3028), the trlbiphenyl-methyl (C8H5.C8H4)8C, obtained by withdrawal 
of halogen from tribiphenyl-chloro-methane by means of powdered 
copper, which is dark violet even in the solid condition, only exists 
in solution in the form of the free radicle, as indicated by the molecular 
weight. In contrast with these, a hydrocarbon obtained from the 

similarly built biphenylene-biphenyl-chloro-methane 

is colourless even in solution and incapable of uniting with oxygen or 
halogen. It must therefore be regarded as undissociated dibiphenyl- 

ene-dibiphenyl-ethane ^<v^*u** Between these two 

H.C,, • * 

extremes the similarly obtained hydrocarbons, diphenylene-diphenyl- 
ethane, tetraphenyl-dibiphenyl-ethane, and diphenyl-tetrabiphenyl- 
e thane occupy a middle position, decomposing in solution with more 
or less ease into the hemimeric triaryl-methyls (Schlenk, A. 372 , i ; 

B. 43,1753). 

Tetraphenyl - ethane - dicarboxylic acid, tetraphenyl - succinic acid 

(C H ) C COOH 

melting at 261® with decomposition (its ethyl ester at 89°), 

is obtained from diphenyl-chloracetic ester by the action of silver 
(B. 22 , 1538). Its minle, melting at 215°, is formed by the interaction 
of the nitrile of diphenyl-acetic acid with sodium and iodine. 

The dilactone of a benzo-pinacone-02-dlcarboxyllc acid 6.CO.C6H4C 


(CeH5).(i(C0H5)C8H4COO, melting at 265°,is formed on boiling o-benzoyl 
benzoic add with hydriodic acid and phosphorus (B. 29 , R. 498). 

D. £0, cj-Diphenyl-propane Group . — ^Dibenzyl-methane, a, y-diphenyU 
propane C8H5.CH2.CH2.CH2.C8H6, boiling at 290^-300®, results by the 
reducing action of hydnodic acid upon dibenzyl-ketone (see below). 

a, y-Diphenyl-propylene C8H5CH2.CH : CHCjHg, b.p.^j 179®, an 
oil with an odour of hyacinth, is formed from a, y-diphenyl-propyl 
alcohol, b.p.i2 I93°» with anhydrous oxalic acid ; also from j 3 -bromo- 
dibenzyl-acetic acid by heating with dilute soda solution (B. 39 , 3046). 

Tetraphenyl-allene (C8H5)2C : C : C(C8H5)2 (?), m.p. 164®, from the 
dry distillation of barium-diphenyl acetate (B. 39 , 1024). 

Dibenzyl-ketone C8H5.CH2,CO.CH2.C8H5, melting at 40® and boiling 
at 330® (B. 24 , R. 946). This body is produced in the distillation of 
calcium-phenyl-acetate. One hydrogen atom of each of the two 
CHg groups can be replaced by alkyls. It condenses with oxalic ester 
and sodium ethylate to a triketo-R-pentene derivative, oxalyl-dibenzyl 
ketone. With benzal-aniline it yields an addition product which takes 
various forms (C. 1899, II. 664). With PCl6 it yields 1, 3 -diphenyl- 2 - 
ehloro-propylene C6H5CH1.CCI : CHC8H5, b.p.12 di-iso 



628 


ORGANIC CHEMISTRY 


nitroso-dibeniyl-ketone CeH5C(NOH) .COC(NOH)CeH5. with nitrous 
acid, m.p. 133® (B. 87 , 1134). 

Sodium reduces dibenzyl-ketone to dibensyl-earbinol (CjH5.CH2)2 
CH.OH, boiling at 327®. It combines to dibenzyUdiphenoUmethane 
(C2H5CH2)2C(CeH40H)2 (B. 25 , 1271) with phenol. 

Dibenzyl-phenyl-carbinol (C2H5CH2)2C(OH)C2H5, m.p. 87®, and 
tribenzyl-carbinol (CeH5CH2)3C(OH). m.p. 115®, from benzoic acid ester 
and phenyl-acetic ester with two molecules CgHgCHjMgCl (B. 37 , 1456). 

Benzyl-aceto-phenone CeHjCHj.CHj.CO.C^Hg, m.p. 73®, is isomeric 
with dibenzyl-ketone. It is produced on reducing benzylidene-aceto- 
phenone CgHgCH : CH.CO.C3H5, m.p. 58®, b.p. 346®, with zinc dust 
and acetic acid. This latter compound is the condensation product 
of benzaldehyde and aceto-phenone. By means of sodium methylate 
it yields two stereo-isomeric oximes, m.p. 75® and 116®, the latter of 
which on Beckmann’s transposition gives cinnamic anilide (A. 351 , 172). 
With HCl it unites to form chloro-benzyl-aceto-phenone CeHsCHClCHg 
COC3H5 ; \\ith bromine, a dibromlde C3H5CHBr.CHBr.COC3H5, m.p. 
157®, which, with alcoholic potash, yields monobromo-benzylidene 
aceto-phenone CgHj.CBr : CHCOC3H5, m.p. 44® (A. 308 , 219). The 
action of nitrous gases upon benzal-aceto-phenone gives various 
products, of which we may mention the sub-nitride (Ci5Hi20)N204, 
which, on treatment with dilute soda, gives benzal-nitro-aceto-phenone 
C6H5CH : C(N02)C0CeH5, m.p. 90®. The reduction of the latter with 
stannous chloride and HCl in methyl alcohol, produces benzyl-iso- 
nitroso-aceto-phenone C3H5CH2.C(NOH).COCeH5, m.p. 126®, an oxime 
of the diphenyl-diketo-propane which is isomeric with dibenzoyl-methane 
(B. 36 , 3015'; A. 340 , 63). 

P2-Dichloro-benzyliden6-aceto-phenone, m.p. 157®, yields, with 
PCI5 in benzene solution, a keto-chloride CIC3H4CH : CH.CCI2C3H4CI, 
m.p. 55®, in which one of the chlorine atoms occupies the middle 
position, is exceedingly mobile, and can easily be replaced by hydroxyl 
or methoxyl on treatment with moist silver oxide or methyl alcohol. 
The compounds dissolve in concentrated sulphuric acid with intense 
coloration (B. 42 , 1804) (cp. also dibenzylidene-acetone). 

0-, m-, p-Oxy-benzylidene-aceto-phenone, from the corresponding 
oxy-benzaldehydes and aceto-phenone, melt at 154° with decomposition, 
at 100® and 183®. 

The isomeric benzylidene-o-, m-, and p-oxy-aceto-phenones, m.p. 
89®, 126®, and 173® respectively, are formed from benzaldehyde and 
the oxy-aceto-phenones. Coloration of the isomers, see B. 32 , 1921. 
Several poly-oxy-benzylidene-aceto-phenones are found in nature, 
usually in the form of glucosides. 

Butein (H0)2[3, 4]CeH3CH : CU.COC^li^[2\ 4'J{OH)2, orange-yellow 
needles, m.p. 214®, as a glucoside in the flowers of Butea frondosa ; 
this is split up on boiling with potash into proto-catechuic acid and 
resaceto-phenone (C. 1904, II. 451). Naringenin HO[4]C3H4CH : CH, 
C0C.H2[2',4',6'](0H)3, m.p. 248®, and hesperitin (H0)[3](CH30)[4] 
CjHjCH : CH.COCeH2[2', 4', 6'](OH)3, m.p. 224®, are formed by break- 
ing up the glucosides naringin and hesperidin (q.v,) with dilute acids. 
On boiling with potash they yield phloro-glucin and p-cumaric acid 
and iso-ferulic acid respectively. Isomers of hesp)eritin are homo-erio- 
dletyol H0[4](CH30)[3]C4H3CH : CH.COC3H2[2', 4'. b.p. 
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223®, and eriodietyol {HO)t[3, 4]C,HjCH : CH.COC,Hj[2', 4', 6'](OH)8, 
m.p. 267®, from the leaves of Eriodictyon californicum (iZ. 1911, 1 . 150). 
On boiling with mineral acids the benzylidene-o-oxy-aceto-phenones 

are transformed into the isomeric flavanones ^•^«\qoCh * a re- 
action which has been used for the synthesis of numerous vegetable 
dyes belonging to this group ; cp. quercetrin, fisetin, luteolin, etc. 
Alcoholic potash converts acety-o-oxy-benzylidene-aceto-phenone 

into henzoyl-cumarone (q^v) C,H4<^^jj^C.CO.C,H,. Reduction changes 

o-oxy- benzylidene-aceto-phenone into a-phenyl-y-(o-oxy-phenyl)-propyl 
alcohol HO.CeH4.CH2.CH2.CH(OH) — CeHj, m.p. 97®, which is con- 

✓Cn j.cn j 

densed by HCl in methyl alcohol to a-phenyl-cumaran c,H4<; I 

' O — CH.CjHj 

(B. 29 , 244, 375). 

o-Oxy-styryl-dlphenyl-carbinol HO[2]CeH4CH : CHC(OH)(CeH5)2, 
m.p. i64°-i 66°, from cumarin with two molecules C^HgMgBr (C. 1903, 

l. 1179; B. 37 , 496). 

The condensation of two molecules of aceto-phenone by heat alone, 
or by zinc ethide or zinc chloride, yields a homologue of benzal-aceto- 
plienone called dypnone C4H5.C(CH3) : CH.COC4H5, m.p. 225° (22 mm.), 
which sustains the same relation to aceto-phenone as mesityl oxide 
bears to acetone (B, 27 , R. 339) ; heating splits up dypnone with 
formation of unsaturated hydrocarbons, diphenyl-furfurane, and tri- 
phenyl-benzol (C. 1899, II- 96)- On standing in alcoholic solution, 
dypnone combines with hydroxylamine to form dypnone-hydroxylamine 
C4H5C(CH3)(NHOH).CH2COCeH5, m.p. 110° ; under other conditions 
two dypnone oximes are formed, C3H5C(CH3) : CHC(NOH)C3H5, m.p. 
78° and 134°, the latter of which yields by Beckmann's transposition 
the anilide of jS-methyl-cinnamic acid (B. 37 , 730). 

Benzaldehyde condenses as readily as aceto-phenone with desoxy- 
benzoin under the influence of alkalies, forming benzylidene-desoxy- 
benzoln C3H5CH : C(C3H5)CO.C3H5, m.p. 101°; this is also formed from 
benzamarone by distillation, besides iso-benzylidene-desoxj^-benzoin, 

m. p. 89®. The latter is easily converted into the isomeride of higher 
melting-point. It is also formed by condensation of benzaldehyde 
and desoxy-benzoin by means of HCl and chloro-benzyl-desoxy- 
benzoin, m.p. 172°, which is easily converted by alkalies into benzal- 
desoxy-benzoin, m.p. loi® ; but it is split up by distillation into stilbene 
and benzoyl chloride (B. 26 , 447, 818 ; 34 , 3897 ; 35 , 3865) : 

CeH.CH C.HjCHCl C.H^CH Cl 

CjHjCCOC.Hj C.HjCHCOC.Hj CeH^CH CCX.H/ 

By reduction, benzal-desoxy-benzoin yields benzyl-desoxy-benzoln 
C4H5.CH2.CH(C4H5)COCeH5, m.p. 120®, which can also be obtained 
direct by benzylating desoxy-benzoin. 

jSjS-Diphenyl-proplo-phenone C4H5COCH,.CH(CeH4)2, m.p. 96®, by 
attachment of one molecule phenyl-magnesium bromide to benzal- 
aceto-phenone (C. 1904, II. 445). Correspondingly, we obtain from 
phenyl-magnesium bromide and benzylidene- desoxy-benzoin in ether 
solution : 

a, j 3 , j 3 - Trlphenyl- proplo - phenone 
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m.p. 182^, which is also formed from a-phenyl-cinnamic ester with gases 
of phenyl-magnesium bromide. In ligroln solution it is found possible to 
isolate, as the hrst addition product, the tetraphenyl-propenol CeH5C(OH) : 
C(CeH5)CH(CeH5)2, which, at 95^-100®, melts with transformation into 
triphenyl-propio-phenone. It greedily absorbs oxygen, with formation 
of a peroxide, m.p. 127®, which, on heating, decomposes into diphenyl- 
aceto-phenone and benzoic acid (C. 1906, II. 1059). 

Benzoyl - dlbenzyl * methane, dibenxyl - aceto - phenone C2H5COCH 
(CHgCeHg),, m.p. 78®, is formed by heating aceto-phenone with benzyl 
chloride and caustic potash to i6o®-i70® (A. 810 , 322). 

By condensation of o-phthal-aldehydic acid with aceto-phenone we 

/CHCH,COC,H, 

obtain phenacyl-phthalide C*H4< \ , m.p. 182® (C. 1898, II. 

^00 


980). 

Benzoyl-phenyl-acetylene C^HjCOC : CC4H5, m.p. 50®, from sodium- 
phenyl-acetylene and benzoyl chloride in ether. This is split up by 
alkalies into aceto-phenone and benzoic acid, and by concentrated 
sulphuric acid into dibenzoyl-methane (A. 808 , 276 ; C. 1900, I. 1290). 
Phenyl-acetylene-phenyl-carbinol CeHgC i C.CH(OH)C6H5, b.p. 221®, 
from sodium-phenyl-acetylene and benzaldehyde (C. 1902, I. 629). 

Dibenzoyl-methane C^HsCO.CHj.COCeH^ or CeH5C(OH) iCHCOCeH# 
(cp. Proc. Chem, Soc., 20 , 48), m.p. 81®, is formed by boiling 
dibenzoyl-acetic ester with water, by condensation of benzoic acid 
ester and aceto-phenone, or by transposition of the aceto-phenone-0- 
benzoate CeH5C(OCOCeH5) : CH 2 obtained from aceto-phenone by heat- 
ing with benzoyl chloride, the transposition being effected by boiling 
with sodium in benzene solution (B. 86, 3674). It is soluble in alkali, 
forms a sparsely soluble copper salt and a red iron salt, and is easily 
attacked by potassium permanganate. On treatment with benzoyl 
chloride and pyridin it yields an 0 -benzoate CeH5C(OCOC2H5) : 
CHCOC^Hfi, m.p. 109® (B. 86, 3679). Nitrous acid converts it into an 
iso-nitroso-derivative (C4Hj.CO)2C : N.OH, which may be converted into 
the corresponding diphenyl-triketone C^Hj.CO.CO.CO.CeHj, b.p. 289®, 
(175 mm. pressure). It solidifies to a golden-yellow mass, melting at 
70®. It combines with water to a colourless hydrate (B. 28 , 3378). 

Dibenzoyl-acetyl-methane, dibenzoyl-acetone, occurs in two forms, 
one of which probably represents the diketo-hydroxyl form (CeH5.CO)2 
C : C(0H)CH3 (a-, m.p. 80®), the other the triketo form (CeH5CO)2.CH. 
COCHj (jS-, m.p. i07®-iio®). It results from benzoyl-acetone and 
benzoyl chloride with soda. Similarly, dibenzoyl-methane yields (j 3 )- 
tribenzoyl-methane (CeH5CO)3CH, m.p. 225®. By boiling with potash 
and acetic ester this ) 5 -modification is changed to the a-form(CeH5CO) jC: 
C(OH)CgHg, soluble in alkalies (A. 291 , 25). The latter combines with 
one molecule diazo-benzol chloride to form a yellow diazo-oxy-com- 
pomid (i), m.p. 125®, which is easily split up by mineral acids. On 
heating, it first turns into the red C-az(H^ompound (2), m.p. 164®, 
stable in the presence of acids, and further, by migration of a benzoyl 
grwp, into the colourless benzoyl-phenyl-hydrazone of diphenyl-tri- 
k^tone (3), m.p. 203® (B. 41 , 4012) : 


(CjafiO)t:C (C.H,CO), : C.N : NC4H4 (C4H.CO). : C : N.NC.Hg 

(i) (a) C«H. CO {3) C4H4CO • 
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This process corresponds to the transposition of fatty aromatic azo- 
compounds into aryl-hydrazones, and to a reversal of. the conversion 
of the quinone-acyl-phenyl-hydrazones into 0 -acylated oxy-azo- 
compounds. 

Carboxylic Acids. — Dibenzyl-acetic acid (CeH5.CH2)2CH.COOH, m.p. 
87®. is formed from a-benzyl-cinnamic acid CeHjCH : C(CH2CeH5) 
COOH, m.p. 159®. the condensation product of benzaldehyde with hydro- 
cinnamic acid by reduction with Na amalgam (/. pr. Ch. 2, 62 » 545). 
It is also derived from dibenzyl-malonic acid (C2H5CH2)2C(COOH)2, the 
ester of which is produced by benzylating malonic ester. 

QJJ 

0 , o-Dlnitro-benzyl-acetle acid cm/ * I made 

\NO, COOH NO/ 

in an analogous manner, may be condensed by reduction with zinc 
dust to tetrahydro-naphihinohn (q.v.) (B. 27 , 2248 ; 29 , 636). 

Dlbenzoyl-malo-nitrile (CeH5CH2)C(CN)2, m.p. 130® and b.p. 360®, is 
obtained from the corresponding nitrilo-acid amide, which is prepared 
from cyanacetamide. Sodium and alcohol reduce the nitrile with 
elimination of a cyanogen group to dibenzyl-ethylamine (CeH5CH2)2CH. 
CHj.NHg, whose hydrochloride melts at 190® (B. 29 , R. iiii). 

Dibenzyl-glycolic acid (CeH5.CH2)2C(0H).C02H, oxatolylic acid, is 
produced by saponification of its nitrile, the HCN addition product of 
dibenzyl-ketone, and when vulpic and pulvic acids are boiled with 
dilute alkalies. It melts at 156®. When boiled with concentrated 
potassium hydroxide it decomposes into oxalic acid and two molecules 
of toluol (A. 219 , 41). 

a-Phenyl-j3-benzoyl-propionic acid, phenyUphenacyUacetic acid, 
CjH 5CO.CH2.CH(C«H5)COOH, melts at 153®. Its nitrile melts at 
127®. Its ester is formed from phenyl-succinic-a-methyl ester acid 
chloride with benzene and AICI3. The acid is produced when CNK acts 
upon chloro-benzyl-aceto-phenone. If heated with acetic anhydride 
it yields the lactone of isomeric a, y-diphenyl-y-oxy-crotonic acid 

C2H56 : CH.CH(C3H5)Co 6, melting at no®, while upon reduction 
with sodium amalgam, a, y - diphenyl - butyro - lactone CeHji 

(iH.CH,.CH(CeH 5 )C 06 (A. 284 , i). 

a, y-Diphenyl-aceto-acetie acid is isomeric with phenyl-phenacyl- 
acetic acid. Its ester, C,H5.CH,.CO.CH(C,H5)CO,C2Hj, melting at 79°, 
is formed when two molecules of phenyl-acetic ester are condensed with 
sodium ethylate. Concentrated sulphuric acid condenses the ester to 
a naphthalene derivative — phenyl-naphtho-resorcinol (A. 296 , i.) 

^-Phenyl-y-benzoyl-butyrlc acid C,H,CO.CHj.CH(C,Hj).CH,. COOH, 
m.p. 153°, is formed by attachment of aceto-phenone to cinnamic ester, 
by means of sodium ethylate, and by transformation of the addition 
product of malonic ester and benzylidene-aceto-phenone (B. 84 , 653). 

Benzylidene-benzoyl-acetio ester, m.p. 98°, from benzaldehyde, 
benzoyl-acetic ester, and piperidin (C. 1903, I. 1420 ; II. 1270). 

Dibenzoyl-acetio aeid (C,H,.CO),CH.COOH melts at 109°. Its 
ester, from benzoyl-acetic ester and benzoyl chloride, yields CO, and 
dibenzoylmethane by dry distillation, and aceto-phenone, carbon 
dioxide, and benzoic acid when digested with sulphuric acid. Its 
nitrile, obtained from cyan-aceto-phenone with benzoyl chloride, shows 
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very acid properties. The silver salt gives, with methyl iodide and 
me^yl ether, C,HjCOC(CN) ; C(OCHj)C,Hj, m.p. 118°; with benzoyl- 
chloride, tribenzoyl-aceto-nitrile (C^HjCOlgC.CN or CgH5COC(CN) : 
C(OCOC,H.)C,H*, m.p. 138“ (/. p Ch. 2, 68, 151). 

y-Phenyl-/ 3 -benz]rUdene-a-keto-butyro-lactone ^ c*h • 

m.p. 167® ; this keto-lactone, in the form of yellow crystals, is obtained 
by condensation of two molecules benzaldehyde with pyro-racemic 
acid by means of gaseous HCl (B. 82 , 1450 ; 84 , 817) ; on reduction 
with sodium amalgam it gives y-phenyl-jS-benzyl-keto-butyro-lactone, 
in two modifications, m.p. 134® and 137® (also from benzyl-pyrq-racemic 
acid with benzaldehyde). The isomeric jS-phenyl-y-benzyUa-keto- 
butyro-lactone, m.p. 171®, is formed from two molecules phenyl-pyro- 
racemic acid with rejection of CO, (B. 85 , 1942). 

y-Benzyl-y-benzylidene-pyrotartarlc acid c|h‘ch 

m.p. 147® ; its ester is formed by condensation of dibenzyl-ketone and 
succinic ester by sodium alcoholate (A. 808 , 175). 

yPhenyl-y-phenacyl-pyrotartaric acId^***‘^°^”*'>CH.CH<f^”£?°** 

fron. succinic acidester and benzal aceto-phenone by means of NaOC jHj; 
its dimethyl ester is easily further condensed to pentacyclic diketone- 
carboxylic ester 

up bv sodium methylate to an acyclic dimethyl ester (A. 826 , 347). 

a, p, y-Triphenyl-glutaric acid CeHsCH[CH(C,Cj)COOH] *, m.p. 237®; 
the nitrile, m.p. 138®, of this acid is formed by the combination of benzal- 
benzyl cyanide with the second molecule of benzyl cyanide (B. 81 , 

3059)- 

E. to, {o-DiphenyUbuiane Group. — Dibenzyl>ethane, a, S-diphenyl- 
butane CgHj.CHj.CHj.CHg.CHj.CjHg, melting at 52°, is formed by the 
reduction of AMiphenyl-butylene C,H,.CHj.CH =CH.CH,.C,IJ.. which 
is produced from diphenyl-butadiene and diphenyl-butenin with Na 
amalgam (A. 842 , 253), or from o-phenyl-cinnamenyl-acrylic acid nitrile 
with Na and alcohol (B. 28 , 2857). 

a, S-Diphenyl-butadiene, diphenyl-diethylene CjHjCH : CH.CH ; 
CHCgHg, is known in its three theoretically possible stereo-isomeric 
forms . a-form (trans-trans), m.p. 151® ; j 3 -form (cis-cis), m.p. 70 5® ; 
y-form (cis-trans), oily. Of these the a-form is most stable, and the 
other forms pass into it on standing, and do so rapidly in sunlight. 
The o-form is obtained (i) by heating a-phenyl-cinnamenyl-acrylic acid 
or dibenzal-propionic acid ; (2) from the dibromide of A*-diphenyl- 
butylene by means of quinolin ; (3) in small quantity on reduction of 
phenyl-acetylene with zinc dust and alcohol ; (4) by the action of 
magnesium upon w-bromo-styrol (B. 48 , 1232) . The / 3 -form is obtained 
from diphenyl-diacetylene, the y-form from diphenyl-butenin (m.p. 97®) 
by reduction with zinc dust and alcohol (A. 842 , 238). With bromine 
in chloroform the diphenyl-butadiene gives dibromide, m.p. 141®, 
which is also obtained by attachment of two molecules HBr of diphenyl- 
butenin, and probably contains the bromine atoms in the i, 4-position 
(A. 842 , 244). With two molecules NO* it also combines with 1, 4- 
addition to dlpbenyl-dlnitro-butylene C,H*CH(NO,).CH : CH.CH{NO,) 
C,H,, m.p. 158®, colourless needles from which, by action of all^ies. 
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nitrous acid is split off to form dlphenyl-a-nltro-butadlene CeH5C(NOj) : 
CH.CH ; CHC0H5, m.p. 112®, in golden-yellow columns (A. 860 , 299). 

DIphenyl-butenin C^HgCH : CH.C . CC^Hg also occurs in two stereo- 
isomeric forms, of which the stable trans-form, m.p. 97®, is formed by 
solution of phenyl-acetylene-copper in glacial acetic acid, and the 
unstable liquid cis-form, b.p.jj 188®, by partial reduction of diphenyl- 
diacetylene with zinc dust and alcohol. Illumination or traces of 
iodine convert the unstable form into the stable form (A. 342 , 225). 

Diphenyl-diacetylene C^HgC : C.C . C.G^Hg, melting at 88®. This 
is made by shaking copper phenyl-acetylide Ci^HgC C.Cu in am- 
moniacal solution with air, or by the action of potassium ferricyanide. 
It is the parent hydrocarbon of indigo-blue. Its 0, o-dinitro-derivative 

< C C C C\ 

‘ >C«H4 (from o-nitro-phenyl-acetylene) is rearranged by 

concentrated sulphuric acid into the isomeric di-isatogen (q.v.), which 
becomes indigo-blue : by reduction with 

ammonium sulphide (B. 15 , 53). 

The action of Br in CSj solution produces a dibromide, m.p. 42®, and a 
tetrabromide, m.p. 173®, but bromination in ether or acetic acid solution 
produces ring-closure and tribromo-phenyl-naphthalin (A. 342 , 229). 

a, a, 8-Triphenyl-butadiene : CH.CH : CHC^Hg, m.p. 102®, 

and a, a, j 3 , S-tetraphenyl-butadiene (CeH5)2C : C(CeHg).CH : CHCgHg, 
m.p. 147®, are formed by attaching diphenyl-ketone to cinnamic alde- 
hyde and benzal-aceto-phenone respectively, with rejection of CO, 
(B. 42 , 4249). 

a, a, 8 , a -Tetraphenyl- butadiene (CgHgjyC : CH.CH : CfC^HJ^, 
m.p. 202®, from tetraphenyl-tetrametbylene-glycol (C eH5)2C(OH).CH2. 
CH2.C(OH)(CgH5)2, m.p. 208®, the condensation product of succinic 
ester with phenyl-magnesium bromide (C. 1903, I. 967). 

Ketones. — Phenethyl-benzyl-ketone, i , ^-diphenyl-butanone CgHg. 
CH2.CH2.CO.CH2.CeH5, boiling at 234®-238®, is produced when hydro- 
cornicularic acid is distilled with lime ; also by distillation of calcium- 
phenyl acetate and hydro-cinnamate. It is obtained pure by the 
reduction of 1 , 4 -diphenyl-butenone, styryl-benzyl-ketone CgHgCH : 
CHCOCHgCgHg, m.p. 71®, formed from benzaldehyde and phenyl- 
acetone by alkaline condensation (M. 22 , 659, 749). 

Phenyl-lso-crotone-phenone CeH5CO.CH2.CH : CHCeHg, m.p. 93®, is 
obtained by the reduction of diphenyl-a-nitro-butadiene wdth SnCl2 and 
HCl ; it dissolves in alkalies with formation of salts of diphenyl-oxy- 
butadiene CeH5C(OH) : CH.CH : CHCgHg ; with benzaldehyde, it con- 
denses and forms dibenzal-propio-phenone CeH5COC( : CHCeHgj.CH : 
CHCeHg, m.p. 117® (B. 40 , 4825). o-Oxy-styryl-benzyl-ketone HO[i] 
C^HeCH : CHCOCHaCgHg, b.p.n 2i7®-2i9®, from cumarin with benzyl- 
magnesium chloride (B. 37 , 498). 

Diphenacyl, dibenzoyl-ethane CeH5CO.CH2.CH2.COCeH5, m.p. 145®, 
from phenacyl-benzoyl-acetic ester by ketone-splitting, and by reduc- 
tion of dibenzoyl-ethylene and various halogen diphenacyls ; as a 
y-diketone it easily forms diphenyl-fur fur ane, thiophene, and pyrrol. 

y-Chloro- and y-bromo-diphenacyl CeHgCOCHCl.CHjCOCeHg and 
CeligCOCHBr.CHjCOCeHg, m.p. 141® and 139®, are formed from di- 
benzoyl-ethylene with halogen hydrides, which are easily split off ; with 
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potassium iodide they are easily transposed to y-lodo-dlphenaoyl 
CeHjCOCHLCHjCOCeHg, m.p. 121®. Isomeric halogen diphenacyls 
are formed by t 5 ie action of alcoholic potash upon phenacyl haloids, 
CeHjCOCHjX ; in contrast with the above compounds they show no 
ketone or diketone reactions and are marked by the ease of addition of 
carboxylic acid haloids and halogen hydrides. They are regarded as 
the various stereo-isomeric forms of the corresponding di-enol forms of 
the halogen diphenacyls C«HC(OH) : CX.CH : C(OH)CeH5. On reduc- 
tion they yield diphenacyl. a- and j 3 -Chloro-diphenaeyl, m.p. 117® and 
155^ a- and / 3 -bromo-diphenaeyU m.p. 129^ and 161°, a-, and 8- 
lodo-dlphenaeyl, m.p. 82^-83® with decomposition, m.p. 113° with de- 
composition, and m.p. 150^-153® with decomposition. If metallic 
sodium is made to act upon the ether solution of phenacyl iodide, we 

obtain trIben*oyl-trImethyIenec,HjCOCH<^^^^^*^* (B. 86,2386,2425). 

Dlbenzoyl-ethylene C^HgCOCH : CHCOCgHg,* cis-form, m.p. 134®, 
trans-form, m.p. iii®, is produced by heating dibenzoyl-malic acid, 
which splits off 2CO2 and H20- The cis-form is converted by HCl into 
the trans-form, and the latter, by illumination, back into the cis-form. 
The cis-form reacts more easily than the trans-form with hydrazin, 
forming diphenyl-pvridazin, and it also forms addition products more 
readily (B. 85 , 168). 

Phenacyl-benzyl-ketone C2H5COCH2COCH2C2H5. m.p. 54°-56®, from 
phenyl-acetic ester and aceto-phenone with sodium in ether. It is 
isomeric with diphenacyl (B. 84 , 1479). 

Desyl-aoeto-ph6none,a, CeH5CO.CH(CeH5) . 

CH2.COCeH5, melting at 12b®, is produced in the condensation of benzoin 
and aceto-phenone with potassium cyanide (B. 28 , R. 636; 26 , 60). 
See B. 29 , R. 171, for the action of hydrazin. 

C,H,.COCH.C,H, 

Bidesyl I , dibenzoyl-dibenxyl, results when desyl- 

Of fif . O^^.OB. Of ifig 

bromide or iodine acts upon sodium desoxy-benzoin (B. 21 , 1355 ; 25 , 
285). It melts at 255®. Iso-bidesyl, formed simultaneously, melts at 
161®. Bidesyl yields tetraphenyl-pyrrol and tetraphenyl-furfurane, 
the so-called lepidene, 

a,/ 3 -DIb 6 nzoyl-styrol, anhydro-aceto-phenone-benzilc C^HjCO.CH : C 
(CiHjCOCeHj, m.p. 129®, is obtained from benzile and aceto-phenone 
by the action of caustic potash. When heated it rearranges itself by 
the migration of a phenyl group into the isomeric triphenyl-croto- 
lactone, m.p. 118® : 

C,H,CO.C(C,Hj) : CHCOC,H, — ► (!;O.C(C,H,),.CH : C(6)C,H, 
Dibenzoyl-styrol o, a, y-Triphenyl-croto-lactone. 

DibenzoyI>stObene, acicular oxy-lepidene C,H,CO.C(C,H,) : C(C,H,) 
COCjH,, m.p. 220°, resulting from the oxidation of lepidene (see abov^ 
with nitric add, or of thio-nessal with potassium chlorate and hydro- 
chloric acid, also yields, on heating, tetraphenyl-eroto-Iactone, tabular 
oxy4epidene. m.p. 136® : 

CJH,COC(C,H,) : C(C,H,)COC,H, — ►(ioC(C,H,),.C(C,H, : )C(6)C,H, 

Dibe^yl-stUbrae a, o, / 3 , y-Tetraphenyl-croto-lactone 

Bidesyl results from the reduction of dibenzoyl-stilbene. 
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Dlphenjrl-tetraketone C,Hj.CO.CO.CO.CO.C,Hj{+HjO,), m.p. 87®, 
is red in colour when hydrous and yellow when anhydrous. It is 
formed in the oxidation of benzoyl-formoln C,Hj.CO.CO.CH(OH) 
COCgHg, m.p. 170®, which is produced, like benzoin, from benzaldehyde 
by condensing two molecules of phenyl-glyoxal with potassium cyanide. 
Benzoyl-formoin also results readily from the action of soda upon iso- 
nitroso-aceto-phenone acetate C,Hj.CO.CH : NO.COCHj. Substituted 
diphenyl-tetraketones have been similarly prepared (B. 25 , 3468). 

Diphenyl-tetraketone is a member of the following CO homologous 
series : 

Diphenyl-ketone, benzo-phenone C,HjCOC,Hj 
Diphenyl-diketone, benzile CjHgCOCOCgHg 

Diphenyl-triketone CgHjCOCOCOCgHg 

Diphenyl-tetraketone CgHgCOCOCOCOCgH,. 

Hydroxylamine forms but one i, 4-dioxifne [CgHgC(NOH)CO]j, m.p. 
176° with decomposition ; the 2, ydioxime or dibenzoyl-glyoxime 
C,Hg.COC(NOH)C(NOH)CO.CgHg, m.p. 108° with decomposition, 
results from the reduction of its peroxide, which is formed in the 
interaction of nitric acid and aceto-phenone. Hydroxylamine con- 
verts the 2,3-dioxime into diphenyl - tetraketoxlme CeHg[C(NOH)]4 
CgHg, m.p. 225® (B. 26 , 528). 

Carboxylic Acids. — From diphenyl-butadiene the foUowing two 
acids are derived : 

a-Phenyl-einnamenyl-acrylic acid, cinnamylidene-phenyl-acetic acid 
CgH5C(C02H) : CH.CH : CHC,Hg, m.p. 188°, from cinnamic aldehyde 
and phenyl - acetic acid, and dibenzal-propionle acid CgHgCH : C 
(COOH).CH : CHCgHg, obtained from benzaldehyde and y-phenyl- 
iso-crotonic acid by Perkin’s synthesis. These two diolefin-carboxylic 
acids have been closely examined by Thiele, as they furnished material 
for his theory of conjugate double bindings (A. 306 , 87-246 ; but see 
B. 87 , 1121). 

The a-phenyl-cinnamenyl-acrylic acid gives with bromine a 
dibromide, m.p. 175® with decomposition, contsiining the Br atoms in 
the 1, 4-position, since with alkali it yields a, a'^iphenyl-dihydro- 
furfurane and a brominated acid. On the other hand, the dibromide 
heated with diethyl-aniline is transposed into the lactone of eornl- 
cularic acid CgHgC(COOH) ; CH.COCH,CgHg, m.p. 123°, which is also 
produced by the reduction of vulpic acid. The reduction of phenyl- 
cinnamenyl-acrylic acid produces first 2, 5-diphenyi-pentenlc-acid 
CgHjCH(COOH)CH : CHCHgCgHj, m.p. 101°, which with alkali is 
isomerised to the a, fi-unsaturated acid, and with glacial acetic sul- 
phuric acid to the lactone of tetrahydro-cornicuh^c acid C,HgCH 
(COOH)CHj.CH(OH)CHjC,Hg. Bromine converts the 2, 5-diphenyl- 
pentenic acid into 1, 8 - phenyl-benzyl- -croto-iactone 

which with alkali yields hydro-comicularic acid 

(A. 819 , 211). 

Dibenzal-propionic acid also yields a i, 5-dibromide, which is easily 
converted into bromo-lactone and a diolefin-lactone : benzal-phenyl- 
eroto-lactone c,h.ch : c. ch : p a-PhenaoyKflnnamlo 

aeld CgHgCH :C(COOH)CHgCOC,H„ m.p. 171®, is produced from the 
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former by alkali. Reduction of the bromo-lactone and diolefin- 
lactone gives an unstable lactone (i), m.p. loi®, and a stable lactone 
(2), m.p. 67'', both of which yield with alkali a-pbenaeyl-hydro-olnnamle 
add (3) : 

(i) CO O (3) COOH (2) CO O 

C,H*CH,.CH.CH : CC,H5->C,H,CH,CHCH,C0C,H»4~C,H»CH,C : CH.CHCJIt. 


Reduction of diphenyl-propionic acid gives a-benzyl-phenyl-iso- 
crotonlc add CeH5.CH2CH(COOH)CH : CHC^Hj, m.p. 124®, distin- 
guished by the ease with which it produces naphthalin derivatives. 
With bromine it splits off HBr and produces phenyl-bromo-tetrahydro- 
naphthoic acid. 

From the nitrile of cinnamenyl-phenyl-acrylic acid is derived 
Ps-diamido-diphenyl-cyano-butadiene NH2[4]CeH4CH : CH.CH : C(CN) 
QH4[4]NH2, m.p. 196°, which, like benzidin and P2-diamido-stilbene, 
is a generator of substantive cotton dyes (B. 34 , 3109). 

Diphenyl -butadiene -acetic acid CeH^CH : CH.CH : C(CeH5)CH2 
COOH, m.p. 190®, from cinnamic aldehyde and phenyl-succinic acid, 
on boiling with acetic anhydride, 5nelds diphenyl-phenol (B. 36 , 1407). 

The ester of benzoyl-phenacyl-acetic acid, a, j3-dibenzoyI-propionic 
acid C2H5.C0.CH2.CH(C0.C2H5)C00R, is obtained from benzoyl-acetic 
ester with phenacyl bromide. In the ketone decomposition it yields 
diphenacyl ; and by the acid decomposition, benzoyl-propionic acid 
and benzoic acid. Iso-oxalyl-dibenzyl-ketone, melting at 24o®-242®, 
may be referred to benzoyl-oxalyl-phenyl-acetic acid C^H^.CHg.CO. 
C0.CH(C2H5).C00H, isomeric with dibenzoyl-propionic acid. It is 
formed on heating oxalyl-dibenzvl-ketone beyond its melting-point 
(A. 284 , 293) : 


CeH,C : C(0H).C0.CH.C4H4 



CeRjC ; C(OH).C : CH.C.H, 
CO O 


Alkalies convert isoxalyl-benzyl-ketone, just like pulvic acid richer 
in COj, into dibenzyl-glycollic acid. 

Dibenzylldenc - succinic acid C^HjCH : C(COOH) .C(COOH) : 
CHC^Hj, melting with decomposition at 201°, and benzylidene-y- 
diphenyl-itaconic acid (C5H5)2C : C(COOH).C(COOH) : CH.CeHj, are 
obtained by the condensation of succinic ester (i) with two molecules 
of benzaldehyde, and (2) with benzo-phenone and benzaldehyde by 
means of sodium ethylate (B. 30 , 94 ; 37 , 2240). By reduction with 
Na amalgam they form a mixture of two cis-trans isomeric diphenyl- 
and triphenyl-butane-dicarboxylic acids (B. 37 , 2662). By illumina- 
tion the dibenzylidene-succinic anhydride is oxidised and converted 
into the anhydride of i-phenyl-naphthalin-2, 3-dicarboxylic acid 
(B. 40 , 3374) : 


C,HjCH : 
C.H.CH : 


C— CO 
C— CO 


>■ 


/CH=C.CO\o_ 


Dibenzoyl - succinic acid 


^ ^•^^\C(C,H») : C.CO/ 
C4H».C0.CH.C0,H 

C4H4 .co.(!:h.co,h 


Its ethyl ester. 


melting at 129®, is obtained from sodium-benzoyl-acetic ester by the 
action of iodine, just as we form diaceto-succinic ester from aceto-acetic 
ester. By the elimination of water there results diphenyl-furfurane- 
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dicarboxylic ester. The esters of the acid appear in three forms, of which 
the unstable variety, soluble in alkalies, is probably the eftol-form C,Ht 
C(OH) ; C(COOH) : C(COOH) : C(OH)C,Hj, while the other two repre- 
sent the syn- and anti-modifications of the keto-form (B. 29 , R. 962). 

Dibenzoyl-maleic acid ester c*h'c^co’c*h*’ ™ 

disodium-dibenzoyl-succinic acid ester with iodine, is transposed by 
heat into dibenzoyl-famarle acid co c*H°Ccoc^]^*’ ™ 
maleinoid ester condenses more easily than the fumaroid with hydrazin 
to form diphenyl-pyridazin-carboxylic ester (q.v.). The potassium salts 
produced by the acidulation of the esters give, on acidulation, a 
hydrate of dibenzoyl-ethylene-dicarboxylic acid, the so-called dibenzoyl- 

mallo acid c*h*coCh^^^*^ which on heating loses water and 

2CO2, and passes into dibenzoyl-ethylene (B. 33 , 3784). 

Diphenyl-oxalyl-diacetic 2LC\d, diphenyl- ketipic acid COOH.CH(CjH5) 
CO.CO.CH(CgH6)COOH is isomeric with dibenzoyl-succinic acid. Its 
dinitrile, melting at 270° with decomposition, is produced by the con- 
densation of oxalic ester with two molecules of benzyl cyanide. When 
saponified with hydrochloric or sulphuric acid it yields not the free 
acid, but passes at once into its anhydride, a monolactone, pulvic acid 

6oC.CH(CgH5)CO .C : C(CgH5)COOH, melting at 214°, and a dilactone 

6oC.C(CjH 5) : C.C : C(CeH5)COO. Pulvic acid may also be prepared 

from vulpic acid, C19H14O5, consisting of yellow prisms, melting at no®, 
and found in a certain moss and in the lichen Ce^rana vulpina, by boiling 
it with lime-water. Sodium ethylate converts pulvic acid back into 
salts of vulpic acid. The latter is therefore very probably to be 
regarded as a methyl ether of pulvic acid (B. 27 , R. 869 ; A. 288 , 14). 
Zinc dust and ammonia reduce pulvic acid to hydro-cornicularic acid, 
a, h-diphenyUlcwulinic acid C5H5.CH2.CO.CH2.CH{CeH5)COOH, melting 
at 134®. Distilled with lime, it yields phenyl-ethyl-benzyl-ketone, and 
when heated with caustic potash the products are toluene and phenyl- 
succinic acid. Boiling alkalies decompose pulvic and vulpic acids into 
2CO2 and dibenzyl-glycollic acid. If it be assumed that diphenyl- 
ketipic acid is formed at first, then this reaction, discarding the evolu- 
tion of CO2, is an analogue of the benzilic acid transposition : 


CeH4.CH(COOH).CO 

C,H,.CH{COOH).<!o 


+ H,0 




-^0* C,H,.CH, 


^C(OH)COOH. 


Etbane-dibenzoyl-o,-dicarboxylle acid COOH.CfH^CO.CHj.CH, 
CO.CjHi.COOH, is another isomeride of dibenzoyl-succ inic acid. It 

melts at i 66°. It k made by boiling ethlne-dlphthalyl 0.0C.C,H4.(!: : 

CH.CH ; C.C,H4.Co 6, melting above 350°, the dilactone correspondii^ 
to it, with alkalies. Ethine-diphthalyl results from the condensation 
of two molecules of phthalic anhydride with succinic acid when two 
molecules of carbon dioxide are split off (B. 17 , 2770). Sodium alcohol- 
ate rearranges it into bis-diketo-hydrindene. 

F. cojO) - Diphenyl - pentane Group. — y - Diphenyl - methylene - a, 
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r-dlphenyl-pentadiene (CeH5CH ; CH)| : C : C(C9H5)|, sulphur-yellow 
crystals, m.p. 174®, from diphenyl-ketene and dibenzal-acetone (B. 41 , 
1493 )* 

Ketones. — i. The diolefin -ketones of this group are generally 
obtained by condensation of benzaldehydes (two molecules) with 
ketones (one molecule) which contain the group — CHjCOCHj — : 

zCeHfiCHO+CHaCOCHj^CeHj.CH : CHCOCH : CHCeHa+zHjO. 

Dibenzylidene - acetone, dibenzal • acetone : CH.COCH : 

CHCaHj, yellow needles, m.p. 112® ; oxime, m.p. 143®, gives two 
isomeric hydroxylamine oximes CjHaCH : CHC(NOH)CH2.CH(NHOH) 
CgHj, m.p. 165® and 201® (C. 1900, 1 . 336) by the reduction of a second 
molecule of hydroxylamine. 

The dibenzyl-acetone gives with HCl not only the normal colourless 
addition products, but also a yellow unstable monochlorohydrate 
which in solution partly splits up into its components and unites with 
a second molecule HCl or metallic salts like ferric or mercuric chloride 
to intensely red double compounds (B. 37 , 3277, 3364). 

By the action of acetic anhydride and concentrated sulphuric acid, 
dibenzal-acetone takes up water and is changed into diphenyl-cycio- 

pentenolone c|h‘c=^h*)^®’ ™ ^76° (B. 37 , 1133). 

Dibenzal-acetone dichloride, ditinnamenyUdichloro-methane (CeH^ 
CH : CH)2CCl2, m.p, 77°, produced by the action of PCljUpon dibenzal- 
acetone in benzene solution, shows in its properties a far-reaching 
analogy with triphenyl-chloro-methane. It dissolves in concentrated 
sulphuric acid with a violet colour, and gives, with metallic salts like 
mercuric and stannic chloride, double compounds of the same colour. 
Its purple solution in SO, conducts the electric current. One of the 
two chlorine atoms is very lightly bound and can easily be exchanged 
for other groups like OH, OCH,, etc. The dicinnamenyl-chloro- 
carbinol (QH^CH : CH),C(OH)Cl, m.p. 56®, formed by treatment with 
moist silver oxide, is very stable and resembles triphenyl-carbinol. 
Like the latter, it dissolves with an intense colour in concentrated 
sulphuric acid. It is very easily esterified (methyl ether, m.p. 55®), 
and is easily converted by gaseous HCl into the dichloride, and by 
HBr into chloro-bromide in which the bromine atom shows the chief 
reaction. The reason for this property is to be found in the particu- 
larly strong valency binding by the cinnamenyl group, which surpasses 
that of the phenyl group, since in the benzo-phenone chloride CeHsCCl, 
CgHfi no loosening of the chlorine atom is to be observed, whereas the 
dichloride of the benzylidene-aceto-phenone CJH5CH : CH.CCljC^H, 
shows similar phenomena (B. 89 , 2977 ; 40 , 2689 ; A. 870 , 315). 

Benzal-benzyl-acetone CeHjCH : CHCOCH jCHjCeHj, m.p. 53®, from 
benzaldehyde and benzyl-acetone with soda. Sodium amalgam 
reduces it to dibenzyUacetone (C^HjCHjCHJjCO, b.p.u^ 28o®-285® 
(A. 880 , 185). P2-Dlnltro-dibenzyl-aeetone, see B. 87 , 1993. 

o-OxyHiibenzal-aeetone, yellow fiakes, m.p. 139® (B. 81 , 728). 

02«Dioxy-dibeiizal-acetone, chdicumarketone, m.p. 160®, P2-dloxy- 
dibeual-acetone, m.p. 238®, orange-yellow crystals, the unstable 
modification consisti^ of dark-green flakes (B. 26 , 129). Dibenzal- 
diatliyl-ketone, m.p. 122® (B. 81 , 1886). 
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CiDnamylldene-aeeto-phenone CeH^CH : CH.CH : CHCOQHs, m.p. 
103®, from cinnamic aldehyde and aceto-phenone. Its oxkne, m.p. 131®, 
is condensed by heating to aiOi-diphenyl-pyridin (B. 28, 1730) ; 
homologues, see B. 86, 1065. 

Dibenzoyl-propane CH,(CH,COC«H5),, m.p. 67®, is formed from 
glutaryl-chloride.benzene and AICI3. Also by splitting up 
dibenzoyl-glutaric ester obtained from benzoyl - acetic ester with 
CH2I2 or formaldehyde. 

Dibenzoyl-dlphenyl-propane CH2[CH(CeH5)COC2H5]2, m.p. 146®, 
from formaldehyde and desoxy-benzoin. The reduction of its i, 5- 
diketone produces cyclic pinacones of the pentamethylene group 
(B. 24, R. 323 ; A. 802, 215, 223). 

I, 5-Diketones of this group are obtained by condensing benzalde- 
hydes (one molecule) and aceto-phenones (two molecules) with sodium 
hydroxide : benzylldene - diaceto - phenone CgHgCH (CH2.CO.CeH5) 2, 
m.p. 85®, and o-oxy-benzylidene-diaceto-phenone (OH)[2]CeH4(CH2. 
CO.CeH5)2, melting at 131®. By var3dng the conditions and condensing 
two molecules of benzaldehyde with three molecules of aceto-phenone, 
two isomeric dlbenzylldene-triaceto-phenones (CeH5CH)2(CH2COCeH5)3, 
melting at 198® and 256° respectively, are produced. 

Benzamarone, benzylidene-bis-desoxy-benzotn CeHgCOCH (CeH5)CH 
(C6H5).CH(CeH5)COCeH5 (?), exists in two modifications, melting at 
219® and 180®. It is prepared by condensing benzaldehyde with 
desoxy-benzoin, as well as by the addition of desoxy-benzoin to benzyl- 
idene-desoxy-benzoin by the aid of sodium ethylate. Similarly, desoxy- 
benzoin attaches itself to the unsaturated unions of oAer olefin 
derivatives — e.g, a-phenyl-cinnamo-nitrile, benzal-aceto-acetic ester, 
benzal-benzoyl-p5n*o-racemic ester, etc. (B. 25, 1087). By decom- 
position with sodium ethylate, benzamarone yields the sodium salt of 
amaric acid C28H20O8, and with sodium iso-butylate it forms dimethyl- 
amaric acid C26H26O8 (A. 275, 50). 

The dry distillation of benzamarone produces desoxy-benzoin, 
benzylidene-desoxy-benzoin, and a body isomeric with the latter (B. 
26, 818). Hydroxylamine changes it quite readily into pentaphenyU 
pyridin. 

Carboxyl Derivatives of the a>, ojrDiphenyl-pentane Group. — Styryl- 
phenacyl-propionic acid ^•^*^^^^^chch,cooh, m.p. 125®, from the 

condensation product of cinnamyUdene-aceto-phenone with malonic 
ester by saponification and rejection of CO 2. On reduction it 5delds 
phenacyl-succinic acid C8H5COCH2CH(COOH).CH2COOH (C. 1903, 
II. 944). 

Diphenacyl-acetic acid (C6H5COCHa)aCHCOaH, m.p. 133®, from 
diphenacyi-maionic ester (C5H5C0CH2)iC(C02R)2 or diphenacyl-aceto- 
acetic ester (CeH5COCH2)2C(COCH8)COOC2H5, m.p. 83®, the products 
of the action of phenacyl bromide upon muonic ester and aceto-acetic 
ester (B. 22, 3225). It is also formed by alkaline condensation of 
aceto-phenone with glyoxylic acid, as well as the action of cold soda 
upon benzoyl-acrylic acid, wherein the latter splits up into aceto- 
phenone and glyoxylic acid (C. 1909, II. 125). Diphenacyl-acetic acid, 
being an c-diketone, forms with ammonia a pyridin derivative (B. 29 , 
798). 
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Dibenzyl-aoetone-dlearbozylie ester CeHgCHa(C0tR)C0CH(C02R) 
CH jCgHg is formed on benzylating acetone^carboxylic ester (Vol. I.), 
besides &e monobenzylated and tribenzylated product (B. 84 , 1996). 

Aeetooe-diphthallde CO[CH,iHC,H*[2]Co6]j, m.p. 137®, from 
phthal-aldehydic acid and acetone, besides acetonyl-monophthalide 
(C. 1898. II. 980). 

Benzylidene-bis-benzoyl-acetie ester C,HtCH[CH(COtR)COC,Hg]2 
from benzal-benzoyl-acetic ester with benzoyl-acetic ester. It is easily 
split by alcoholic sodium ethylate into these components (B. 83 , 3183). 

G. io, (t>-Diphenyl-hexane Group and Higher Homologues. — 1, 6- 
Dlphenyl-hexadlene CgHgCH ; CH.CHj.CH^.CH : CHCgHj, m.p. 82“, is 
formed, besides an isomeric liquid hydrocarbon, by the action of Mg 
upon cinnamyl chloride CgHjCH : CH.CHjCl (B. 43 , 172). Tetra- 
phenyl-hexatriene C.HgCH : CH.CH : CH.C(C,H5) ; C{CeH6)j„ yellow 
prisms, m.p. 159°, from diphenyl-ketone and cinnamylidene-aceto- 
phenone (B. 42 , 4249). HydroHsinnamoIn CgHgCH ; CH.CH (OH). 
CH(OH).CH : CHC,Hg, m.p. 154°, is obtained, besides other products, 
by the reduction of cinnamic aldehyde with copper zinc in alcohol 

(B. 32 , 1296). Dibenzoyl-diphenyl-butadiene c!hSS:CC*h 
m.p. 192®, from benzile and aceto-phenone, can be converted by reduc- 
tion into tetraphenyl-benzol and its derivatives (A. 802 , 195). 

Oxalyl-diaceto-phenone CgHjCOCHjjCOCOCHaCOCeHg, m.p. 180°, 
is formed in the condensation of two molecules of aceto-phenone and 
oxalic ester with sodium alcoholate. Consult B. 28 , 1206, for the 
reduction-products of this tetraketone. 

w, co-Diphenyl-diketo-hexane (CgHgCOCHaCHg) 2. Dlphenyl-dlketo- 
octane (rgH5COCH2CH2CH2)2, and diphenyl-diketo-nonane (CgHgCO. 
CH2.CH2.CH2)2CH2, are prepared from the chlorides of adipic acid, 
sebacic acid, and azelaic acid by means of benzene and aluminium 
chloride (B. 29 , R. 1157). Cinnamylene-benzylidene-acetone CeH5CH : 
CH.CH : CH.COCH : CHC^.H^, m.p. 106°, is derived from a;,aj-diphenyl- 
heptane. It is formed from cinnamylcne-acetone and benzaldehyde 
(B. 29 , 615). Diphfvyl-ucta-tetrene C1H5CH : CH.CH : CH.CH : 

CH CH ; CHCeHj, m.p. 225® with decomposition, golden - yellow 
flakes, is formed besides dlcinnamylidene - succinic anhydride 

i ™ P- 215°. brick-red needles, by condensa- 

tion of cinnamic aldehyde with sodium succinate by acetic anhydride 
(A. 831 , 165). A stereo-isomeric (?) white diphenyl-octa-tetrene, m.p. 
124®, is formed from cinnamic aldehyde, succinic ester, and sodium 
ethylate, besides other products (B. 84 , 2190). Illumination converts 
the yellow into the white hydrocarbon (B. 42 , 565). 


B. Condensed Nuclei. 

The condensed nuclei to be discussed in the following section are 
characterised by the fact that in them C atoms of the benzene nuclei 
participate in the formation of other carbocyclic rings. 
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Substances to which bicyclic formulae are attributed have already 
been mentioned. Compare bicyclo-pentane, the bicyclic ketone from 
hexahydro-iso-homo-phthalic acid, carone, thujone, pinenfe, camphene, 
tricyclene, camphor, fenchone, etc. It should be noted that the capacity 
of forming bicyclic combinations in the hydro-aromatic substances is 
more varied than in the benzene derivatives proper, and is not confined 
to the 1, 2-position. 


The bicyclic system of carone | | ^ 7, representing the 

3 2 I 

condensed benzene-trimethylene ring, and whose hypothetical hydrogen 
compound is called norcarane, has been made accessible, in a more 
general synthetic manner, by heating diazo-acetic ester with benzene 
or its derivatives (Buchner, B. 88, 3453 ; 84 , 982 ; 86, 3502 ; 37 , 931) : 

CH=CH— CH N. CH=CH— CH. 

I « + II >CHCOaCaH.= | I ^CHCOaOiHs + Na. 

CH = CH— CH CH=CH— 

A*.^Norcaradiene - 7 - carboxylic ethyl ester, pseicdo- phenyl -acetic 
ester C4HeCHC02C2H5, is formed from benzene and diazo-acetic ester 
by heating under pressure to 135^-140®. The raw ester, b.p.^j 108°, 
partly converted into / 3 -cyclo-heptatriene-carboxylic ester, gives, 
with concentrated sulphuric acid, a red colour passing into indigo blue. 
With ammonia we obtain the crystalline amide, m.p. 141®, which on 
saponification with sulphuric acid gives the oily, free acid. The latter 
with bromine gives a dibromide, m.p. 160® with decomposition, and a 
tetrabromide, m.p. 235® with decomposition. Oxidation with per- 
manganate is complicated. It results in benzoic acid, o-, and p- 
phthalic acid, and trimethylene-tricarboxylic acid (splitting of the 
benzene ring). Heating under pressure transposes the ester into 
j3-cyclo-heptatriene-carboxylic ester, while boiling the ester or amide 
with alkalies produces a-cyclo-heptatriene-carboxylic acid (splitting of 
the trimethylene ring between i and 6). Treatment with concentrated 
sulphuric acid transposes the amide into phenyl-acetamide QHj.CH, 
CONH2 (splitting of the trimethylene ring between i and 7). 

A^.^S-Methyl-norcaradlene-carboxyllc ester, pseudo-tolyl-acetic ester 
CHg.QHs : CHCOgCjHg, b.p.j, I22®-I26®, from toluol and diazo-acetic 
ester, amide, m.p. 131®, gives on boiling with 30 per cent, sulphuric acid, 
p-tolyl-acetic acid ; by prolonged taking with ammonia, methyl- 
cyclo-heptatricne-carboxylic ester, m.p. 108®. 

8. 6- Dlmethyl-norcaradiene-carboxylio ester, pseudo- xylyl-acetic ester 
(CHs)2CeH4 : CHCO2C2H5, b.p.jp I25®-I35®, from m-xylol and diazo- 
acetic ester, amide, m.p. 142®, gives, with sulphuric acid, 2, 4-dimethyl- 
phenyl-acetic acid (A. 258 , i). 

1 . 7 - Norcarane - dlcarboxylie ester COjCjH^.CeH, : CHCOjCjHj, 
b.p.18 160®, from A^-tetrahydro-benzoic ester with diazo-acetic ester ; 
the acid, m.p. 153®, gives an anhydride, m.p. 87®. 

C,H^ CH. 

Benzo-norearadiene-carboxylic ester 1 I >CHCO,c,H«,b.p.^i 

CH «CH — CH 

2 T 


VOL. n. 
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163*— 164", from naphthalene with diazo-acetic ester. Acid, m.p. 166* ; 
amide, m.p. 217°. Oxidation produces Mrbozy>plieiiyl*'triin0tliylene> 

dlearboxjrlle aeid which has been further dis- 

integrated to trimethylene-tricarboxylic acid. In this connection 
some substances should be mentioned which are derived from a con- 
densed benzene and heptamethyi ring, benzo-cyolo-heptane. 

Benzo-cyclo-beptanone b.p. 270®, is formed 

by condensation of ^phenyl-valeric acid chloride by means of AICI3 ; 
its oxime, m.p. 109®, gives on reduction benzo-a-amino-cyclo-heptane, 
whose chlorohydrate, on heating, decomposes into sal ammoniac and 

benzo-cyclo-heptene | b.p. 234®. The latter is 

split up by oxidation to o-phenylene-butyro-carboxylic acid (C. 1903, 
I. 586, 882). 

Benzo-cyclo-heptadione formed by 

ketone-splitting of phthalyl-glutaric esters 

obtained by condensation of phthalic ester and glutaric ester by means 
of sodium dcoholate (B. 32 , 2227). 

Benzo-cyclo-heptadienone formed 

from its dicarboxylic acid, m.p. 210°. The Methyl ester, m.p. 95®, is 
formed by condensation of o-phthal-aldehyde with acetone-dicarboxylic 
ester by means of diethylamine. 

H omologucs of benzo-cyclo-heptadienone are formed by the condensation 
of o-phthal-aldehyde with methyl-ethyl-ketone, diethyl-ketone, dibenzyl- 
ketone, etc., together with acyl-hydrindones. Sodium and alcohol 
reduce them to the corresponding benzo-cyclo-heptanols (A. 377 , i). 

Of greater importance are the combinations of the benzene nuclei 
uith five-membered nuclei, and of benzene nuclei with each other : 


CH C CH 

I! it 
r CH 

Yh, 

Indene 




CH. CH 

\ / 

CH C C CH 

I II ii I 

CH Cv /C CH 

Fluorene 


CH CH, 

\/^ ^ 

CH C CH 

I II I 

CH C CH 

'^Ch/''''CH'«^ 

Naphthalene 


CH=CH CH=-CH 

CH C C CH 

V \ 

CH~C C CH 

\h=ch 

Phenanthrene 


CH 

,!h 


,CH. /CH. /CH. 

Yi Y > 

{ I i 


"^ch/^ch ^ 


CH^ 


h 

H 


Anthracene. 


Although these condensed nuclei, as a rule, continue to manifest 
their aromatic character, they exhibit in their behaviour, in har- 
mony with their pecuhar structure, a series of wide differences from 
the true benzene compounds (see Naphthalene). They are eventu^y, 
by suitable oxidations, changed, like the homologues of benzene, into 
benzene-carboxylic acids. The parent hydrocarbons of these groups 
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occur, like benzene, chiefly in coal-tar, from which they are obtained 
in greater or lesser amount. Naphthalene is technically important ; 
this is especially true of anthracene, the hydrocarbon of alizarin. 

I. Indene and Hydrindene Group. 


y 

Indene 




Indene Hydrindene. 

Indene has received its name from indol, because of its similarity 
to the latter in structure. By introducing NH in place of the methylene 
group of indene the formula of indol results. 

Indene C9H,, is an oil, boiling at 178® ; its specific gravity is 
1*040 at 15°. It occurs, together with cumarone, to which it is very 
similar in its behaviour (B. 28 , 114), in that fraction of coal-tar boiling 
at I76 ®-i 82®, and can be extracted from it by means of its picric acid 
derivative (B. 23 , 3276). Very appreciable amounts of indene are also 
present in the condensation products resulting from the chilling of 
illuminating gas (B. 28 , 1331). It can also be obtained by the dis- 
tillation of the calcium salt of synthetic hydrindene-carboxylic acid 
(B. 27 , R. 465). 

It is best formed by heating a-hydrindamine chlorohydrate. 
Indene absorbs oxygen from the air and polymerises to indene resin 
on standing, heating, or treatment with concentrated sulphuric acid. 
It seems partly to be decomposed into truxene and hydrindene (B. 33 , 
2257 ; 36 , 640). With chlorine and bromine it combines to form 
dichloro- and dibromo-hydrindene. It also forms nitroso-chloride and 
nitrosite like the terpenes (B. 28 , 1331). By treatment vnth sodium 
and alcohol, indene is reduced to hydrindene. At incandescent heat 
two molecules indene give up four H atoms to form chrysene. 

The hydrogen atoms of the CH, group in indene show a similar 
reactivity to those in cyclo-pentadiene. With oxalic ester it forms 
indene-oxalic ester, and with aldehydes, by alkaline condensation, in- 

tensely colouredhydrocarbonsderived from benzo-fulvene \CH . 

Heating with halogen alkyl and caustic alkali produces mono- and di- 
alkylated indenes. It is remarkable that the benzyl-indene obtained 
by reducing benzylidene-indene with aluminium amalgam, which must 

be regarded as C4H4<^ /CH* * * account of its condensation with 
CH, 

XH\ 

benzaldehyde, is identical with the a-benzyl-indene 'jCH 

OH — CHjC^Hg 

obtained by benzylating indene. There is therefore no isomerism 
between the a- and y-alkyl-indenes (A. 847 , 249). 

With benzaldehyde, indene combines to oxy-benzyl-indene, which 
partly passes into benzylidene-indene C,H, ; CHCjH,, m.p. 88°, yellow 
flakes, and partly combines with the second molecule of benzaldehyde 
to oxy-benzyl-benzylidene-indene C,H,.CH(OH}C,Hj(: CHCgH,), m.p. 
135°, yellow crystals. Cinnamylidene-hidene C,H, : CH.CH : CHC,H,, 
m.p. 190°, yellowish-red needles. 
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Bg.-toomo-lnd«M C,H,Br(C,H4). b.p. 243*. is formed from hydrin* 
dene and bromine (B. 86, 2251). It yields broroo-phthalic add upon 

oxidation. . . • n . 

Indene derivatives are obtained symtheticaUv by the following 
methods, which to some extent recall the syntheses of the penta- 

methylene compounds ; /* ir /* /* /-/-k 

I. Benzene compounds, having the group C4H4.C.C.CO, split off 
water and condense to indene derivatives : (a) Nitro-a-alkyl-cinnamic 
aldehydes 5neld amido-/S-alkyl-indenes (B. 22, 1S30) ; 

OCH\. 


NO,.C,H, 


\CH, 


;'C.CH, 




Nitro-a-methy l-cinnamo-aldehyde Amido- )5-methyl-indenc. 


Similarly, benzyl-acetone and benzyl-aceto-acetic ester yield 
y-methyl-indene and y-methyl-indene-jS-carboxylic acid (B. 20, 1574 ; 
A. 247, 157) when they are heated with sulphuric acid : 


OC~LH, 

Vh. 

Benzyl acetone 


C.H, 


yC=r--CH. 
►C.hX ;CH; 

7-Methyl-tndene 


oc^cn, 

XH/ 

Benzyl-acetic acid 






:^CH, 
7C.CO,H 

ch/ 

Metbyl-indene-carbozylic 

acid. 


(b) Substituted cinnamic acids yield indone derivatives when they 
are treated with hot sulphuric acid, just as the hydro-cinnamic acids, 
alkylised in the nucleus and in the side chain, yield dihydro-indones. 
Cinnamic and hydro-cinnamic acids themselves react with as little 
readiness as cinnamic aldehyde (A. 247, 140 ; B. 25, 2095, 2129) : 


HOCO. 

^CBr 

Dibromocmnamic acid 


Dibromo-indone. 


C.H, - 

a-Phenyl-hydro-cinnamic acid 


/?-Phenyl-hydnndone. 


2. The hydrindenc derivatives have been obtained in the same 
manner as the tetra- and pentamethylene derivatives : by the action of 
xylylene halides upon malonic ester and sodium alcoholate (B. 17, 125 ; 

C.H*<S:b[ + ^''’"«<cS:R ^ C.H.<™;>C(CO.R).. 


3^. The formation of ay-diketo-hydrindenes from p-phthalic esters 
and fatty-acid esters or ketones (A. 262, 72 ; B. 27, 104, R. 19) corre- 
sponds to the condensation of oxalic esters to pentamethylene 
derivatives : 

< C— — —CHR. 

co>o . 

formed from phthalic anhydride and fatty acids, are transposed by 
sodium alcobolates into the sodium derivatives of the isomeric diketo- 
bydiindenes (B. 26 , 954, 2576) : 
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4a. The formation of dihydrindones by the distillation of salts of 
o-phenylene-diacetic acid and o-carboxyhydro-cinnamic acid (B. 26 , 
222, R. 708) corresponds to the cyclic ketone formation of dicarboxylic 
acids of the adipic acid scries : 


^ „ /CH..COOH 
''•"*\CH,.COOH 




4b, Corresponding to the cyclic aceto-acetic ester condensation 
(P* 5)» we have the formation of hydrindone-carboxylic esters by the 
action of Na or Na alcoholate upon the esters of o-phenylene-diacetic 
acid or o-hydro-cinnamo-carboxylic acid : 


_ „ /CH,.CH.COOR 
^•“*\cOOR 




Similarly, we obtain from the o-phenylene-diaceto-nitrile, by means 
of sodium alcoholate, a-cyano-j3-imino-hydrindene (C. 1908, I. 1274) : 


/CH.CN 


^•^*\ch/cn 


5. Hydrindone derivatives are formed by alkaline condensation 
from o-phthal-aldehyde with methyl-ketones and methyl-ketone- 
carboxylic acids (A. 347, 112 ; 369, 287) : 


< CHO 


)>CH.COCHj. 


6. The formation of indene derivatives from naphthalene deriva- 
tives is rather remarkable ; a six-membered benzene ring is rearranged 
to a ring of five members — similar to the production of pentamethylene 
derivatives from the benzenes, or fluorene compounds from phen- 
anthraquinone. This change occurs by the action of chlorine or hypo- 
chlorous acid upon the naphthols, naphtho-quinones, amido-naphthols, 
etc. The first product consists of naphthalene keto-derivatives with 
the groups — CO.CO — or CO.CClj — ; these sustain the decomposition 
(B. 20, 2890 ; 21, 2719). Thus, dichloro-j3-naphtho-quinone yields 
dichloroxy-indene-carboxylic acid : 

CO,H 

/CO— CO C(OH)< 


QH/ I 

x:ci=cci 


c.H^c;^ ^cci 


cci= 


Dichloro-/5-naphtho-quinone Dichloroxy-indene-carboxylic acid. 


Indene Derivatives. — y (a)-Methyl-indene CeHi : C3H8.CH3, b.p. 206®, 
is formed by methylating indene, and, synthetic^ly, from benzyl- 
acetone, also from its carboxylic acid by splitting off CO,. 

L (a)-Benzyl-indene CeH4 : CaHjXHjCeHj, b.p.j, 184®. a, y-Dibenzyl- 
iene C3H4 : C8H2(CH2C4H5)3, m.p. 63°, by benzylating indene, also 
by reduction of benzyl-benzylidene-indene, m.p. 137®, with aluminium 
amalgam (A. 347, 262). 1, 2, 8 -TriphenyMndene, m.p. 135® (C. 1908, 
II. 1736). 1, 1, 8 -Trlphenyl-lndene, m.p. 135® (B. 39, 1030). Bz.-amido- 
jS-methyK -ethyl-, -iso-propyl-lndene, m.p. 98®, 89®, 84 ®. 

jS-Nitro-indene CeH4 : CgHjNO,, m.p. 141®, yellow crystals, from 
indene nitrosite by distillation with water vapour. Zinc dust and 
glacial acetic acid reduce it to j3-hydrindone-oxime (A. 886, i). 
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/S-Indenesssrboxylie Mid CjHiCsHjCOOH, m.p. 222 ^ 230 *, from 
hydiindene-carboxylic acid with bromine. yM6thyl”P"l0deBe*<®r* 
boxylle acid» m.p. 200®, from benzyl-aceto-acetic ester. 

Indene-oxallc e^l ester C,H4 : CaHj.COCOOCjHj, m.p. 87®, orange- 
red needles, from indene, oxalic ester and sodium ethylate, gives, on 
reduction with aluminium amalgam, Indene-ozy-aoetie ester C4H4 : 
C3H3.CH(OH)COgCjH5, b.p.^ 172®, which, by saponification and 
loss of water, gives benzo-lulvene-earboxylio aoid C4H4 : CjHj : 
CHCOjH, decomposing at 175®, orange flakes. The latter, on reduction, 
yields Indene-acetic acid C4H4 : CjHj.CHjCOgH, m.p. 96®, which, on 
further condensation, passes into benzo-tulvene-earboxylic aeetic acid 
C4H4 : C5H(: CHC02H)CH2C02H, m.p. 245® with decomposition 
(A. 347 , 275). 

j 3 , y-Dichloro-a-oxy-indene-carboxylic acid, melting at 100®, is 
obtained from jS-dichloro-naphtho-quinone. Chromic acid oxidises it 
to dichlorindone. It is changed to chlorindone-carboxylic acid when 
digested with concentrated sulphuric acid (B. 28 , R. 279). 

a, / 3 -Diphenyl-indone ^ CCCtH,), garnet-red crystals, 

melting at 151°, is produced, together with triphenyl-acrylic acid, when 
benzo-phenone chloride is condensed with phenyl-acetic ester. It 
ynelds triphenyl-propane upon reduction. It is decomposed into 
a, ) 5 -diphenyl-vinyl-o-benzoic acid when fused with caustic potash. 
It can be recovered from this as well as from triphenyl-acrylic acid on 
heating with zinc chloride (B. SO, 1281). 

jS-Phenyl-o-, m-, and p-nitro-indone no.c.h.<“>C( CfH,), m.p. 

139°, 205®, and 2i5®-2i7®, from o-, m-, and p-uitro-phenyl-a-phenyl- 
cinnamic acid (C. 1900, II. 1276). 

Indone-jS-aeetic aeid m.p. 99®, from phenyl- 

itaconic acid with concentrated sulphuric acid, lemon-yellow prisms. 
It is isomerised, by prolonged action of mineral acids, to saturated 
colourless lactone, m.p. 123® (B. 41 , 3983). Similarly we obtain 
7-methyl-/-phenyl-indone-j3-acetie acid and y-phenyl-indone-j 3 -pro- 
plonie acid, m.p. 155®, 167®, and 168® respectively, from methyl-phenyl- 
itaconic acid, diphenyl-itaconic acid, and a-methyl-yy-diphenyl-ita- 
conic acid. 

y-BromindoneC4H4 : CaBrHO, m.p. 64®, j 3 , y-dichloro- and dibromo- 
indone C4H4 : CjBrjO, m.p. 90® and 123®, are obtained synthetically 
from monobromo-, aichloro- and dibromo-cinnanjic acid (B. 82,2477 ; 
38 , 2426). The j^halogen atom is easily replaced by OH and NHR : 
/ 3 -chloro- and ) 3 -bromo-y-oxy-indone, m.p. 114® and 119® ; y-anllido- 
indone, m.p. 105® with decomposition, is converted into diketo- 
hydrindene by HCl. A halogen atom also easily reacts with Na-malonic 
and acetic esters, etc., the resulting substances being feebly yellow, 
but giving fine purple colours with alkalies, resembling coI±ineal 
(B. 81 , 2079, 2903 ; 88, 2418, 2425 ; 85 , 2938). 

Perchlo^done C4CI4 : CjClaO, m.p. 149®, from a monocyclic 
pentene derivative, hexachloroxy-cyclo-pentene-carboxylic acid, pro- 
duced by the splitting of hexachloro-diketo-cyclo-hexene, by warming 
^ith water, or sodium acetate solution (A. 867 , i). 
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Hydrindene Dmva^tves.— Hydrlndene C,H4 : C,Hj is an oil, boiling 
at 177®. It results when indene is reduced with sodium and alcohol. 
For other methods, see B. 88, 735 ; 84 , 1247 ; C. 1903, II. 989, 

Dlebloro-hydrindene is an oil. Dibromo-hydrlndene C4H4 : CgHtBr, 
melts at 44®. They yield ehlor- and bromoxy-hydrindenes, melting at 
129® and 131®, when digested with water. Ammonia converts the 
latter bodies, in the cold, into amido-oxy-hydrindene, melting at 133®, 
which nitrous acid transposes into / 3 , y-dioxy-hydrindene, hydrindene- 
glycol C4H4 : CsH«(OH)j, melting at 99° (B. 26 , 1539 ; 82 , 30). 

Hydrindene-j 3 -carboxylic acid €4114(0112) jCH.COjH, melting at 
130®, is converted by distillation of its salts into indene, by bromine 
into indene-carboxylic acid, and is oxidised by KMn04 to o-carbo- 
phenyl-glyoxylic acid. It results when COj is eliminated from 
hydrlndene-/ 3 -dlcarboxyllc acid, melting at 199°. The ester of the 
latter acid may be obtained S5mthetically from xylylene bromide and 
malonic ester. 

j 3 -Aeeto-hydrlndene-carboxylie ester is obtained 

from xylylene bromide and aceto-acetic ester. 

/-Methyl-hydrindene-/ 3 >carboxylie acid, m.p. 86®; see C. 1906, 
1. 1699. 

Hydrindene-j8-inethyl>, ethyl-, and phenyl-ketones are formed in 
the distillation of hydrindene-carboxylic acid with benzoic acid, 
propionic acid, and acetic acid (B. 26 , 1539). 

a-Hydrlndone, a-lndanone c,h, ^ ^q’)>ch,, melting at 41® and boiling 

at 244®, is obtained in the dry distillation of o-carbohydro-cinnamic 
acid as well as from o-cyan-hydro-cinnamic ester upon digesting with 
concentrated hydrochloric acid. The phenyUhydrazone melts at iSi”. 
The oxime, melting at 146®, is changed, by reduction, to a-amido- 
hydrindene, hydrlndamlne, melting at 220°. 

The chlorohydrate decomposes almost quantitatively into AmCl 
and indene, on heating. 

N jOj converts it into a-oxy-hydrindene, melting at 54® (B. 26 , R. 708). 
Phosphorus pentachloride converts a-hydrindone-oxime into hydro- 
carbo-st}^!! (Beckmann’s transposition) (B. 27 , R. 598) : 




*”*\NH -(io ■ 


Hydrindone-adne CjH, ; N.N ; C^H,, melting at 165°, results from 
the action of hydrazin upon the oxime. Nitrous acid converts 

hydrindcme into Iso-nltroso-hydrindODe c,H4<^^®»^-noh, melting 

with decomposition at 210®. This phenyl-hydrazin changes to a 
osazone, melting at 229®. The latter is isomeric with the dihydrazone 
obtained from a, y-diketo-hydrindene. It yields /3-amido-a-hydrlndODe 
when it is reduced (B. 29 , 2605, R. 869 ; C. 1897, I. 8to). 

Concentrated HjS04 produces Becl^ann's transposition, and forms 
homo-phthalamidic acid (C. 1907, 1 . 727). With benzaldehyde (B. 84 , 
412) o-hydrindene gives a benzylidene compound CjHjO : CHCeH,, 
yellow crystals, m.p. 114®, also yidded by o-benzyl-dnnamic add, with 
concentrated sulphuric add ; two molecules hydrindene condense to 
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anhydro-bis-hydrindone C,HgO : C,H„ m.p. 143*, which, on further 
condensation, gives the hydrocarbon truxene (C,Hg)* (C. 1894, II. 92 ; 
6.81,720; 33,3085; 36,645). With o-phthal-ald^yde o-hydrindone 
condenses to iso>naphtho-flaorenone^^* \co (A. 869 , 288). 

When 0-, m-, and p-methyl-hydro-cinnanuc acids are heated they 
)deld 0-, m-, and p-methyl-a-hydrindones. The constitution of the 
latter is deduced from their oxidation to the various methyl-o-phthalic 
acids. Bz.-Chloro-, bromo-, iodo-, and nltro-hydrlndones behave 
similarly (B. 25 , 2095). 

/ 3 -MethyI-a-hydrindone, melting at 168° (ii mm.), and jS-phenyl-a- 
hydilndone, melting at 78°, are obtained from a-methyl- and phenyl- 
hydro-cinnamic acids. When its ethereal solution is shaken with 
caustic soda )3-phenyl-hydrindone is changed partly to /3-phenyl-oxy- 
hydrindone, melting at 129®, and in part by rupture of the ring into 
desoxy-benzoin-o-carboxylic acid CgH4(CO.OH).CHj.COCgHj (B. 26 , 
2095). y-Phenyl-a-hydrindone, melting at 78®, is prepared from 
/ 3 , /Wiphenyl-propionic acid (B. 26 , 2128). 

/ 3 / 3 -Dimethyl-a-hydrindone m.p. 45®, from 

oa-dimethyl-/ 5 -phenyl-propionic acid chloride and AlClj, or by methy- 
lation of a-hydrindone by means of NaNHj and CHjI. On heating 
with NaNH j in benzene solution, it is split into the amideof aa-dimethyl- 
/S-phenyl-propionic acid. / 3 j 3 -Diethyl-a-hydrindone, m.p. 7®, b.p.jg 
138° (C. 1910, II. 39). 

Tetrachloro-a-hydrindone C,H« : CjClgO, melting at 108®, is the addi- 
tion product of chlorine and dichlorindone. It is readily decomposed 
by digestion with alcoholic sodium hydrate into o-trichloro-vinyl- 
benzoic acid. Chloro-dibromo-hydrindone-y-carboxylle aeid CgHg : 
[C,ClBr, 0 (C 00 H)], melting at 171®, is made from chlorindone-y-car- 
boxylic acid and bromine. It is similarly decomposed into bromo- 
chloro-methylene-homo-phthalic acid. 

/S-Nltro-a-bydrlndone c,h,(^^^*^CH.no,, sulphur-yellow needles, 

m.p. 117® with decomposition, is formed by condensation of o-phthal- 
aldehyde with nitro-methane and sodium ethylate (A. 877 , 15). 

/ 3 -Hydrindone, p~indanone C,H4(CHj)2CO, m.p. 61°, b.p. 220®-225® 
with decomposition, is formed by the distillation of calcium o-phenylene 
diacetate, and by heating hydrindene-glycol, or its monomethyl ether, 
with sulphuric acid. Hydrazone, m.p. 120®. Oxime, m.p. 155°, gives, 
by reduction, / 3 -ainldo-bydrindene (B. 26 , R. 709). Di-iso-nltroso-/ 3 > 
hydrindone C*H4[C(NOH)]jCO„ m.p. 233® with decomposition. Like 
the o-hydrindone and the diketo-hydrindene, the j8-hydrindone easily 
condenses to anhydro-bis-^-hydrmdone C,H(0 ; C^(, m.p. 170® 
(B. 82 , 28). 

Tetraehloro-/ 3 -^drlndone CgH, : C,Cl40, m.p. 98°, is formed by the 
action of bleaching -lime upon tetrachloro-2, 3-diketo-tetrahydro- 
naphthalin. Honobromo-, a, ydlbromo-, and tetrabromo-hydrlndone, 
m.p. 91®, III®, and 173®, by bromination of ) 5 -hydrindone in benzene 
solution. Tetrachloro- and tetrabromo-hydrindone on heating with 
alkalies pass into phthalide-carboxylic acid (benzilic acid transposition) 
(A. 884 ^ 346 ; C. 1908, II. 1183). 
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j 5 -Acetyl- and jS-benzoyl-a-hydrlndone, m.p. 76® and 98® (A. 847 , 
112) ; a-hydrindone-j 3 -oxallc acid, m.p. 212® (A. 369 , 287). 

a,y*Diketo-hydrinden6 C®H4(CO)2CH2, melting with decomposition 
at 130®, is obtained from its carboxylic acid (below). It consists of 
colourless needles, which dissolve readUy with a yellow colour in alkalies. 
The hydrogen atoms of the methylene groups placed between the two 
keto-groups have an acid nature. Phenyl-hydrazin converts it into 
a monohydrazone, melting at 163®, and a dihydrazone CeH4(C : NNH 
CeH5)2CH2, melting at 171®. Diazo-benzene chloride converts the 
monohydrazone into a triketo-hydrindene CeH4(CO)2C : NNHCeHg, 
which is also prepared by the decomposition of henzal-diketo-hydrindene 
C4H4(C0)2C=CHC4H5, a condensation product of benzaldehyde and 
diketo-hydrindene, with phenyl-hydrazin. 

8, 4 -Dioxy-benzal-diketo-hydrindene, melting at 257®, and prepared 
by the condensation of proto-catechuic aldehyde and diketo-hydrindene, 
is a dye (B. 30 , 1185). 

With p-amido-benzaldehydes, also, feebly basic dyes are obtained. 
o-Amido-benzaldehyde yields the so-called quinolene-phenylene- 

ketone m.p. 175° (B. 34 . 2467). 

With orthoformic ester, indane-dione condenses to the compounds 
CeH4(CO)X : CHOH and C-H4(CO,)C : CH.CH{CO,)C4H. With am- 

CO— C CH * C CO 

monia we obtain from this dlbenzoylene-pyridin ' Z ^ „ 

. JN C — C,rl4 

(C. 1903, II. 950). With ethoxy-methylene-aceto-acetic ester (Vol. I.), 
indane-dione forms indane-dione-methenyl-aceto-acetic ester, m.p. ii8°, 
which is condensed by concentrated alkali to 3 -oxy-diphenylene- 
ketone-2-carboxylic acid (C. 1906, I. 849). By heating diketo-hydrin- 
dene by itself or boiling with water, anhydro-bis-diketo-hydrindene- 

bindone C,H4(CO),C=C<^^J^*^CO is formed, yielding intensely coloured 

metallic compounds. Heated with aromatic amines, it gives, like 
coerulignone, beautiful blue dyes (B. 30 , 3137). Phenyl-hydrazin 
splits it into two molecules diketo-hydrindene-dihydrazone (A. 277 , 362 ; 
B. 34 , 3269). The anhydro-bis-diketo-hydrindene can undergo higher 
condensation (B. 31 , 2935 ; 33 , 2433). 

jS-Methyl-diketo-hydrindene C4H4(CO)2CHCH3, m.p. 85®, is formed 
from its carboxylic acid. Its sodium compound gives, with methyl 
iodide, j 3 -dimethyl-diketo-hydrindene CeH4(C02)C(CH3) jS-Phenyl- 
diketo-hydrindene, m.p, 145°, from benzal-phthalide. The isatin- 
diphthalyl, m.p. above 350®, violet needles, similarly obtained by trans- 
position of ethine-diphthalyl, is now regarded as derived from a hydro- 
carbon, naphthacene compound of two naphthalene nuclei, and 

has the structure . $ (B. 81 , 1272). / 3 , / 5 -Diethyl- 

dlketo-hydrlndone CeH4(CO),C(CgHj),. b.p.m i43‘’-i56°, o.xime, m.p. 
143°, from benzene, diethyl-maJonyl chloride, and AlCl, (A. 373 , 291). 

j 3 -Dlchloro-dlketo-hydrindene C,H4(CO),CCl,, m.p. 125°. by the 
action of chlorine upon y-oxy-chlorindone. It is split up into o-phthalic 
acid by dilute soda (B. 21 , 491, 2380). 

jS-Bromo-diketo-hydrlndene C,H4(CO),CHBr is identic^ with / 3 - 
bromo-yoxy-indone and is formed also from diketo-hydrindene-car- 
boxylic ester by bromination and saponification. Bcnling with water 
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gives dibromo-diketo-hydrindene C«H4(C0),CBr, and finally tris-dlketo- 
hydriodene C,H4(CO)tC[CH(CO)|C4H4]| ; see also B. 83 , 2433 ; 84 , 
2145 - 

Diketo-hydrindene-earboxylie ester C4H4(CO)2CH.COOR, m.p. 75*- 
78®, from phthalic ester with acetic ester and Na alcoholate, is easily 
converted into diketo-hydrindene. Other derivatives, see B. 81 , 2084 ; 
M. 31 , 62. 

/ 3 -Aeetyl and /S-benzoyl-diketo-hydrindene C,H4(CO)4CH.COR, m.p. 
no* and 108°, from phthalic ester with acetone and aceto-phenone. 
Easily split up by alkalies (B. 27 , 104). 

Indacene is the name of a tricyclic combination of a benzene nucleus 
with two cyclo-pentene nuclei. From m-xylylene-diaceto-acetic ester, 
with 80 per cent. H*S04, we obtain dimethyl-indacene-carboxylic acid 

from pyro-mellithic ester, acetic 

ester, and Na tetraketohydrindacene-dicarboxylic esterC02RCH(C0)2 
CeH2.(CO)2CHCOOR (B. 84 , 2779). 

Fluorene is a dibenzo^entene resulting from the union of the pentene 
nucleus with two benzene nuclei. It will be considered in conjunction 
with chrysene-fluorene and picene-fluorene after the condensed nuclei 
of the phenanthrene group— phenanthrene, chrysene, and picene, — ^to 
which the two first-named bodies are intimately related. 


II. Naphthalene Group, 

Garden (1816) discovered naphthalene CjoHg, among the distillation 
products of coal-tar. It shows great similarity to benzene, from which 
it differs in constitution by C4H2. Like benzene, it is produced by the 
action of intense heat upon various carbon compounds ; hence its 
occurrence in coal-tar. Numerous derivatives are obtained from it by 
the replacement of its hydrogen atoms ; they are very similar to the 
benzene compounds. Only the most important of them will be con- 
sidered in the following sections 

Constitution of the Naphthalene Nucleus, 

The behaviour of naphthalene is satisfactorily explained by the 
formula first suggested by Erlenmeyer, sen. (A. 137 , 346) : 


H H 


^1 I I 
Hi I I 


i» 


H H 


It consists of two benzene nuclei, having in common two carbon 
atoms occup5dng the ortho-position. Graebe {1866) proved the correct- 
ness of the formula (A. 149 , 20). 

The oxidation of napthalene to o-phthalic acid shows the presence 
of a benzene nucleus. Further, the oxidation of dichloro-naphth(> 
quinone QHg : CgClgOi also yields o-phthalic acid. If, however, di- 
chloro-naptho-quinone is converted by PCI5 into tetrachloro-naphtha- 
lene, this, upon oxidation, will become tetrachlor-o-phthalic acid. In the 
second instance, therefore, the benzene nucleus, which in the first case 
was unatUcked, is now oxidised. A precisely similar method of de- 
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monstration, to which reference has already been made, is as follows : 
Nitro-naphthalene, obtained by nitration of naphthalene, yields nitro- 
o-phthalic acid ; whereas amido-naphthalene, resulting from the re- 
duction of the preceding nitro-naphthalene, 5delds o-phthalic acid : 


COOH-j^l 

NH, 

NO, 

NO, 

|/^|-COOH 

coohJ,^i 

1 ' J 


l^/'-COOH 


Hence it follows that naphthalene must consist of two symmetri- 
cally condensed benzene nuclei. For other formulae, like the central 
formula of Bamberger, the formula of Armstrong, etc., consult B. 23 , 
R- 337 » 692 ; 24 , R. 651, 728 : 


\ /\ /I 


/ \l 

Bamberger. 


/iV\ 
y ± \l 


\i 

Armstrong. 


Isomerisms of the Naphthalene Derivatives. — The isomerisms of the 
derivatives of naphthalene conditioned by this formula agree with the 
facts. The substituents are designated according to the diagram : 





or 




«» 




The replacement of an H atom in naphthalene can ^ve rise to two 
isomeric mono-derivatives, distinguished as a- and j3-derivatives accord- 

\C/ 

ing as the substituent is adjacent to the complex || common to 

/C\ 

both groups, or separated from it by a CH group. The positions i, 4, 5, 
8 (tti, ttj, ttj, aj on the one side, and 2, 3, 6, 7 () 3 i, /Sg, jSj, jSJ are equi- 
valent. Liebermann (A. 183 , 254) and Atterberg (B. 9 , 1736) have 
adduced proof of the equivalence of the four a-positions. The method 
adopted is similar to that followed in demonstrating the equal value 
of the benzene hydrogen atoms. 

Whether a substituent occupies the a- or j 3 -position is mainly de- 
termined by its oxidation to a corresponding o-phthalic acid derivative. 
Thus, if [i, 2, 3]-nitro-phthalic acid is obtained from a-nitro-phthalene, 
the nitro-group must consequently be adjacent to the contact position 
of the second benzene nucleus in naphthalene. The constitution of a- 
oxy-naphthalene or a-naphthol is evident also from its synthesis by 
means of phenyl-iso-crotonic acid CeH5.CH : CH.CHg.COOH. Be- 
sides, only a-derivatives of naphthalene can be converted into quinones 
analogous to p-benzo-quinone, as these alone possess a free H atom in 
para-position with reference to the substituent. This latter circum- 
stance also determines still other peculiarities in the behaviour of the 
compounds of naphthalene — e,g, the power of the naphthols and 
naphthylamines to unite with diazo-bodies, etc. 

The di-substitution products of naphthdene, when the substituents 
are similar, can exist in ten isomeric forms, which are designated by 
numbers or prepositions (B. 26 , R. 533). In the following diagram the 
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double hexagon of naphthalin is replaced by two parallel lines, as 
was similarly done with benzene ; 

It" :|t. i :|_t .It It if ttMflf 

1.2 1,3 1,4 1,5 1,6 1,7 1,8 2.3 2.6 2,7 

Ortho- Meta- Para- Ana- Epi* Kata- Peri- Amphi- Pros- 

On the calculation of the isomeric possibilities of the naphthalin 
derivatives, see B. 33 , 2131. 

The position of the substituents in the di-derivatives can very often 
be determined by the oxidation method, if thereby it can first be ascer- 
tained whether the substituents are in the same nucleus (isonuclear) 
or in different nuclei (heteronuclear), Isonuclear substitution products 
with adjacent substituents, show in general the same behaviour as 
the ortho-substitution products of benzene, inasmuch as they form 
similar condensation products. However, a difference appears to exist 
betw’een positions like i, 2 and 2, 3. Thus, only those amido-naph- 
thalenes manifest the ability to form naphtho-quinolin rings, in which 
the p>Tidene ring can attach itself to a, jS- C atoms. It must be 
assumed that the double linkages in naphthalene are not so easily dis- 
placed as in benzene. The behaviour of the i, 8- or peri-derivatives is 
remarkable. Like the o-di-derivatives, they exhibit a series of hetero- 
ring formations. 

Naphthalene-ring Formations, 

Naphthalene is produced by pyrogenic condensation from a series 
of carbon compounds, like ethylene, acetylene, ether, etc. Methods of 
producing the naphtlialene nucleus by processes in which one benzene 
nucleus pre-exists are more important : 

1. A mixture of benzene and acetylene conducted through a tube 
heated to redness yields naphthalene {Bull. 7 , 306). 

2. It is derived from phenyl-butylene CeH5.CH2.CH2.CH : CH2 
and its dibromide, on leading their vapours over heated lime : 


C.H./ 


CH,— CH, 

ch,=( 1 h 


CH=CH 

c.h/ I +4H. 
CH=CH 


Similar reactions result in the formation of phenyl-dihydro-naphthoic 
acid from dibenzal-propionic acid with glacial acetic-sulphuric acid ; 
of phenyUbromo-tetrahydro-naphthoic acid from benzyl-phenyl-iso- 
crotonic acid with Br ; and of i-phenyUtribromo-naphthalene by the 
bromination of diphenyl-diacetylene (A. 841 , 198). 

3. PhenyUpropiolic acid, on heating with acetic anhydride or treat- 
ing with POCI3, passes into the anhydride, while phenyl-propiolic ester, 
on heating to 200®, forms the ester of i-phenyl-naphthalene-2, ydicar- 
boxylic ac^» This anhydride is also formed by illumination of ^benzal- 
succinic anhydride in benzene solution : 

X£CH.C(X)H .CH=C.C0. CgH.CH : C.COv 

C.h/ ► I > .1 >0. 

CsCH.COOH C,H,CH : C-CO^ 
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4. Xylylene bromide and sodium-acelylene-ieiracarboxylic ester pro- 
duce tetrahydro-naphthalene-tetracarboxylic ester, which, on saponi- 
fication, yields tetrahydro-naphthalene-dicarboxylic acid, whose silver 
salt passes by distillation into naphthalene (Baeyer and Perkin, B. 17 , 
-188 ; cp. formation of the tetramethylene and indene rings) : 


.CHjBr NaC(CO*R), .CH,— C(CO,R), 

C.h/ +1 « C.h/ j 

^CH.Br NaC(CO,R), C(CO,R), 

5. 0-Xylylene cyanide condenses in the presence of Na ethylate 
with oxalic ester and a-diketones to form naphthalene derivatives 
(B. 43 , 1300) : 

/CHjCN . ROCO /C(CN) : COH 

• ‘XCHjCN ROCO • *XC(CN) : COH 

^ „ /CH2CN_lOCR ^ ^ „ /C(CN) : CR 

• "\CH,CN OCR • *\C(CN) : CR* 


6 . What is further noteworthy is the formation of a-naphthol from 
phenyl-iso-crotonic acid when heated (Fittig and Erdmann, B. 16 , 43; 
A. 247 , 372 ; 255 , 263 ; 275 , 284 ; cp. formation of indene deriva- 
tives) ; 


/CH=CH /CH=rCH 

C.h/ 1 - C.H,< I +H,0. 

OC(OH)— CH, ^C(OH)=CH 


Phenyl-iso-crotonic acid a-Naphthol. 


In a perfectly similar manner 5-, 6-, and j-chloro-i-naphthols are obtained 
from 0-, W-, and p-chloro-phenyl-paraconic acids\ 2- and ^--methyUnaphthols 
from a- and B-methyl-paraconic acids; a-naphthoi-3-methyl-ketone 

CH==CH.CO.CHj 

(B. 26 , 345) from B-benzal 4 (^ulinic acid I 

^ OC(OH) CH, 

and 2-phenyl-i, 3-dioxy-naphthalene is produced when a, y-diphenyl- 

CH, CO 

aceto-acetic ester C.Hg | is digested with concen- 

ROCO— CH(C,H,) 

trated sulphuric acid (A. 296 , 14). 

Similarly, phenacet5d-malonic ester gives i, 3-dioxy-naphthalene- 
2-carboxylic ester (A. 298 , 374), and cinnamylidene-hippuric acid, 
or its decomposition product, cinnamyl - pyro - racemic acid, gives 

c,h/co(cooh).ch, (®* 384 )- 

7. y- Phenyl- ^-imino-butyro-nitrile condenses under the action of 
concentrated H2SO4 to i, 3-diamido-naphthalene (C. 1909 I, 857) : 


C,h. 


CH,~C : NH ,CH==C.NH, 

I ► c,H4<r 1 

CN — CH, ^C(NH,) : CH 


Similarly, we get from y-phenyl-y-imino-a-cyano-but5rric ester 

4 -diamido-naphthalene- 2 -carboxylic ester, 

and, from the imino-nitriles obtained by the condensation of o-tolu- 

X( : NH).CHC,H, 

nitrile with benzyl cyanide or cyano-acetic ester I 

^XHj OH 

and nh).CHCO,R 3-dianiido-2-phenyl-napthalin and 
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1, 3-diainido-naphthaliii-2-carboxylic ester respectively (C. 1007. I. 
728 ; 11. 68, 539, 2053). 

8. An interesting formation of a-naphtbylamine consists in heating 
aniline with pyr<hmucic acid and zinc chloride to 300° (6. 20, R. 221) : 

CO,H.C=— CH CH=CH 

nh..c.h.+o<^„ - nh.c.h.<;^^_i^+co.+h.o 

Aniline Pyro-mucic acid a>Naphthylamine. 

a-Naphthylamine is similarly formed on beating aniline hydro- 
chloride with mannitol under pressure. 

9. Two molecules of styrolene alcohol or phenyl-glycol can be con- 
densed by dilute H,S04 to /5-phenyl-naphthalene (A. 240, 137) : 

XH(OH).CH,(OH) CH=CH 

C,H/ + « I +4H,0. 

CH,(OH)— CH(OH)C,H, 'CH=C.C,H, 

Phenyl-acetaldehyde is an intermediate product. 

10. The formation of a naphthalene derivative in the oxidation 
of bromo-proto-catechuic acid with nitric acid is peculiar. There is 
produced thereby a dibromo-/S-naphtho-quinone-carboxylic acid 
(A. 293, 120) : 

CO— CO 

2COOH C,H,Br(OH), ► COOH.C,H,Brv | 

^CH=CBr. 

Decompositions of the Naphthalene Ring. 

Naphthalene and most of its derivatives are converted by energetic 
oxidants into o-phthalic acid and substituted o-phthalic acids with de- 
struction of one benzene nucleus. The oxidation is made easier by the 
introduction of an amido-group into the nucleus which is to be oxidised. 
Naphthols and their derivatives are decomposed by heating with 
alkalies, and oxidising metallic oxides to form phthalic and benzoic 
acids (C. 1903, I. 1106). 

In many instances it has been possible, by moderating the oxidising 
action, to arrest the intermediate products of this reaction, or even the 
pnmary products in the breakmg-down of the ring. 

I. Decomposition by Mild Oxidation, — (a) Potassium permanganate 
oxidises naphthalene to phthalic acid and phenyl-glyoxyl-o-carboxylic 
and (B. 28, R. 490) : 

XH=CH CO.COOH 

C,H/ I ► C,H/ 

x:h=ch xooh 

Naphthalene Phenyl*glyoxyl*o-carboxylic acid. 

(6) a- and /5-Naphthols, oxidised with an alkaline permanganate 
solution, also yield o-carbo-phenyl-^glyoxylic acid. )S-Naphthol with 
most careful oxidation becomes o^innamo^arboxylic acid, along with 
other products (M. 10. 115). 

Besides these reactions we have the decomposition of sodium-nitroso- 
/5-naphthol by beating to 250®, forming o-cyano-cinnamic acid : 

“•(cTir"' “-c-s™* 

p4i|ftplitbol o<CiiuuiDo<arbosyUc Nitroto-/I*iuplithol o-Cvano-ciaiMink add. 
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In the oxidation of a-nitro-naphthalene with potassium perman- 
ganate products appear which, in the process of reduction, yield, among 

other things, isatin-carboxylic acid (B. 28 , 

1641). Naphthalic acid becomes phenyl-glyoxyUdicarboxylic acid, 

(c) The decomposition of hydrogenised naphthalene derivatives 
occurs with special readiness ; thus, permanganate changes dihydro- 
j 3 -naphthol into dihydro-iso-cumarin-carboxylic acid, while potassium 
bichromate oxidises tetrahydro-naphthylene-glycol, in the cold, to 
phenylene-chdiacetic acid (B. 26 , 1833) ; 




CH,— CHOH 
CH~ch 


Dihydro- /?-naphthol 




CH,— CH 

A 

COO COOH 


Dihydro-iso-cumarin-carboxylic acid. 


/CH,— CHOH .CH,.COOH 

I ► Ci^4\ 

CHOH 'CH,.COOH 

Tetrahydro-naphthylene-glycol o-Phenylene-diacetic acid. 

Potassium permanganate oxidises ac-tetrahydro-naphthylamine to 
(hhydro-cinnamo-carboxylic acid ; ar-tetrahydro-naphthylamine, how- 
ever, because of the oxidation of its amided benzene nucleus, is changed 
to adipic acid together with oxalic acid (B. 22 , 767) : 


XH(NH,)— CH, 

CeH/ I — 

^CH, CH, 

ac-T etrah y dro-naphthy 1 amine 


/COOH COOH 
. c,h/ I 

\CH, CH, 

o-Carbohydro-cmnamic acid. 


NHj.C.Ha 


c 


CH,— CH, 


^CH,— CH, 
ar-Tetrahydro-naphthylamine 


HOOC HOOC.CH,— CH, 

“► ! + I 

HOOC HOOC.CH,— CH, 

Oxalic and \dipic acid. 


2. Decomposition by Simultaneous Chlorination and Oxidation , — 
The ring-decompositions, produced by the action of chlorine or hypo- 
chlorous acid upon jS-naphtho-quinone and its derivatives, are very 
numerous. They proceed on lines analogous to the benzene-ring de- 
compositions. Two groups may be distinguished in these changes : 
either the naphthalene ring first resolves itself into an indene ring, 
which subsequently by decomposition is converted into o-di-derivatives 
of benzene, as in the case of dichloro-naphtho-quinone (see below), or the 
break-down proceeds without the intermediate formation of indene, 
as in the case of jS-naphtho-quinone or nitro-jS-naphtho-quinone (see 
below) (Zincke, B. 27 , 2753, etc.). Examples: (a) jS-Naphtho-quinone, 
by the action of hypochlorous acid, becomes dioxy-diketo-tetrahydro- 
naphthalene, which by the decomposition of the ring changes to the 
lactone of o-carboxyphenylglyceric acid (B. 25 , 3599) : 

CO— CO CO CO CO— O, COOH 

C.H«< I ► C.H/ T C,H.( \| 

'CH=CH N:H0H— CHOH ^CHOH— CH 

/5-Naphtho-quinone Dioxy-diketo-tetrahydro- o-carboxyphenylgl 3 rceric 

naphthalene acid lactone. 


(6) With chlorine, nitro-^-naphtho>quinone first forms a chlorine 
addition product, which by ring-decomposition readily passes into 
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o- (o, jS-dichloro-nitro-ethyl)-benzoyl-fonnic acid. Chromic acid oxidises 
the latter, with loss of hydrochloric acid and carbon dioxide, to nitro- 
chloro-methyl-phthalide, which can be directly formed by treating nitro- 
quinone with chlorine and water (B. 25 , R. 732) : 


.co—co 

C,H 4 < 1 - 

^CH-CNO. 
Nitro-/ 3 -Baphtho* 
quinone 


"'CHCL^ClNOg 


Chlorioe addition 
product' 


► C.H 4 < 

^CHCLCHCiNO, N:h — CHCINO, 

o*(a. /l-Dicbloro-nttro-atbyl)- Nitro-cbloro-metbyl* 
bensoyMormic acid' phthalide. 


(c) Alkalies rearrange 3, 4 -dichloro-) 3 -naphtho-quinone to dichloroxy- 
indene-carboxylic acid. The latter can be decomposed (i) by changing 
it to dichlorindone with CrO,, and tetrachloro-hydrindone, the chlorine 
addition product, when acted upon with alcoholic soda, becomes o-tri- 
chloro-vinyl-benzoic acid ; or (2) if the acid be heated to ioo®~iio® with 
oil of vitriol it is converted into jS-chlorindone-y-carboxylic acid. The 
bromine addition product of the latter acid is decomposed by alkalies 
with the formation of a-chloro-bromo-methylene-homo~phthalic acid 

(B. 28 , R. 279) : 

< co.co 1 yco\ /CO \ /COOH 

J , — ► CM,'. ^CCl ► C.H 4 <' >CC 1 , ► C.H 4 / 

CCl:Ca \CC 1 .^ NCCl,/ \C( 1 -CC 1 , 


\CCl:Ca 

EHchloro-iiaph* 
tho-quioone 

X| /COOH 

/C(OH).CO,H , /CCOOH /CBrCOOH /C^ 

Dichlor-oxy-indene ^'Chlnrindone• Dibr(Mno-chloro*a’bydria- Bromo-cbloro-mcthylene* 

carboxylic acid y>carboxylic acid done>y •carboxylic acid bomo>pbthalic acid. 

(d) 2, 3-Dioxy-naphthalin (i) 5nelds under the action of chlorine 
tetrachloro-2, 3-dikcto-tctrahydro-naphthalin (2), which is converted 
by bleaching-lime into tetrachloro-jS-hydrindone (3) ; the latter is split 
up by alkalies to phthalide-carboxylic acid (4), and by concentrated 
HNO3 to phthalonic acid (5) (A. 334 , 342) ; 

(4) ^ . /CH -CO,H 


Dichloriadone 


^CCl,/ 

Tetra-chloro-hy* 

drmdone 


\C( 1 -CCl, 
o Tnchloro vinyl- 


XCH : COH 
' \CH . COH 


/V M; /uti— w 

“•***\ca..Co-^***\ca./^° „ /co.cooH 

• *\COOH 


3 A transformation of the naphthalin nucleus into the indene 
nucleus has also been effected by the liquid nitrous acid upon a-naphtho- 
quinone ; this first forms diketo-hydrindene-nitrosite, which, on careful 
treatment with water, passes into a, y-diketo-hydrindene (B. 33 , 543) : 


CO—CH 
CO— CH 




;>CH- 


4. When pCTchloro-naphthalene is heated with SbClg to 28o®~300® 
it is resolved into perchloro-benzene, tetrachloro-methane, and hexa- 
chloro-ethane (B. 9 , i486) : 

cci.^cio, 

Perchloronaphthalene. 

5. Decomposition by Reduction in Alkaline Solution. — K ring-de- 
composition analogous oi that of salicylic add (p. 49) is that under- 
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gone by 2, i- and 2, 3-oxy-naphtholc acids (p. 679) when their alcoholic 
solutions are acted upon by metallic sodium (A. 286 , 268) ; 

/C{COOH) : COH CH,.COOH OH.C=CH 

C.H4<' I -♦ C.H,/ COOH 4- I NCeH. 

\CH==CH \ I cooh.(1:=ch/ ‘ 

CH, CH, 

2-Oxy-i -naphthoic acid o-Phenylene-aceto-propionic 2-Oxy-3-naphthoic acid 


6. Naphthalene-disulphonic acids, naphthylamine- and naphthol- 
sulphonic acids, containing the substituents in the i, 3-position, sustain 
a remarkable decomposition into o-toluic acid when they are fused with 
caustic potash (B. 28 , R. 364) ; 


^ „ /CtSOaH) :CH 

^=(^(S 03 H) ' 

Naphthalene- 1 -3- disulphonic acid 


• *\COOH 
o-Toluic acid. 


m-Cresol (Ch. Z. 1895, No. 48) is similarly produced on fusing i, 3, 6- 
and I, 3, 8-naphthalene-trisulphonic acids with caustic potash. 

Naphthalene CioHg, melting at 79° and boiling at 218®, occurs in coal- 
tar, and is obtained by crystallisation from that portion boiling from 
i8o®-3oo®. It is purified by distillation with steam and sublimation. 
It dissolves with difficulty in cold alcohol, readily in hot alcohol and in 
ether. It crystallises and sublimes in shining plates. It is charac- 
terised by its great volatility and possesses a peculiar odour. It forms 
a crystalline compound CioHg.CeH2(NOj|)3.0H with picric acid, which 
melts at 149® (Fritzsche, J. 456). m- and p-Dinitro-benzene, tri- 
nitro-benzene, trinitro-toluene, etc., form similar double compounds. 

Naphthalene is applied technically in the preparation of phthalic 
acid and dye-substances. It is also used in carburetting water-gas. It 
is employed for itch, moths, etc., because of its strong antiseptic pro- 
perties and its stupefying effect upon the lower animals. 

As naphthalene has unsaturated linkages it will, under favourable 
conditions, take up hydrogen and chlorine ; the compounds thus pro- 
duced will be discussed in conjunction with other hydro-naphthalene 
derivatives at the conclusion of the naphthalene group. Naphthalene, 
like benzene, is chlorinated, nitrated, and sulphonated by halogen, 
nitric acid, and sulphuric acid. 

Naphthalene Homologues. — ^The methylated naphthalenes are pre- 
sent in coal-tar. Alkylic naphthalenes also result from the bromo- 
naphthalenes by the action of alkylogens and sodium, and from naph- 
thalene by means of alkyl iodides or bromides and AICI3 : 




M.p. 

B.p. 

a-Methyl-naphthalin . 


. —20® 

240 ®- 243 ® 

/^-Metbyl-naphthalin . 



24l®-242®* 

I, 4-Diiiiettiyl-naphthaliii 


• liquid 

262“-264* • 

a-Ethyl-naphthalin 


• »» 

258® 

/?<Ethyl-naphthalin 


. -19® 

251 ® 

a- n -Propyl-naphthalin . 

C„Hra-(CHJ.CH, 

• liquid 

274 ® 

P ■ n -Propyl-naphihalin 


• »» 

278® 

a- n -Batyl-naphthalin . 

C„H,-a-(CHJ,CH, 

• 

282® 

//- n -Butyl-nsphthalin 


• 

284® 


1 B. as, R. 857. • B. 88, R. 619. 
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a-Xto-1mtyl-iuiphthaliii 

a-Phenyl-iuiphtbalin . 
/^'Phaiiyl-iiapliUiftlin . 


C,oH,.a-CH,CH(CHa), . 
CioH,-/3-CHaCH(CH,), 

CipHy-a-CaH, 


M.p. B.p. 

liquid 137® (ii mm.) 

„ 112® ( 6 mm.) 

o® 325® 

102® 347®. 


a- and p-PhenyUnaphthalenes have been prepared by the action 
of diazo-benzene chloride upon naphthalene in the presence of AljCl,. 

Similarly, nitro-phenyUnaphthalene, melting at 129°, is obtained from 
sodium nitro-phenyl-nitrosamine with naphthalene (B. 29 , 168). 

/ 3 -Phenyl-naphthalene is also formed on conducting the vapours of 
bromo-benzene and naphthalene through tubes heated to redness ; also 
in the condensation of two molecules of phenyl-glycol (B. 26 , 1119, 
1748), and in the distillation of jS-phenyl-hydroxy-a-naphtho-quinone 
ydth zinc dust (A. 296 , 28). The constitution of the two isomeric 
phenyl-naphthalenes can be deduced from their oxidation products : 
a-phenyl-naphthalene jaelds o-benzoyl-benzoic acid, whereas )3-phenyl- 
naphthalene yields phenyl-a-naphtho-quinone : 




rCH 


COOH 


=CH 

I 


yCO— CH 


/CH= — 

o-Phenyl-naphtha- o- Benzoyl- ^-Phenyl- Phenyl-a-naphtho- 

naphthalene quinone. 


lene 


benzoic acid 


Olefin - naphthalins , — a-Vinyl - naphthalin C10H7.CH : CHg, b.p.js 
137°, from a-naphthyl-magnesium bromide and acetaldehyde. a-Alyl- 
naphthalin C10H7.CH2.CH : CHj, b.p. 266°, from allyl bromide and 
a-naphthyl-magnesium bromide. On heating with alcoholic KOH it 
is transposed into the isomeric a-propenyl*Daphthalin C10H7.CH.CH : 
CHg, b.p. 10 138°, which is also formed from a-naphth aldehyde, pro- 
pionic anhydride, and Na propionate (C. 1897, II. 800; 1908, II. 1779). 
a- and yS-iso-propenyl-naphthalin CioH7.C(: CH2)CH3, a- b.p.g 125^, 
j8- m.p. 45°-47°, b.p., 139®, are formed from a- and jS-naphthyl-methyl- 
ketone with CHjMgl ; the ^-compound direct, and the a-compound 
by w^ay of a-naphth yl-dimethyl-carbinol with acetic anhydride (C. 1901, 
I. 1321). 

Substituted Naphthalenes. 


I. Halogen Derivaiives . — These are formed (i) by the direct sub- 
stitution of the hydrogen atoms by halogens ; (2) by the replacement 
of NHj groups in amido-naphthalenes by halogens, following Griess' 
reaction (p. 60) ; (3) by the replacement of OH as well as of SOgH and 
NOj groups in oxy-, nitro-, or sulpho-derivatives of naphthalene on 
heating them with PCI5. Tlie latter reaction is useful for determining 
positions in naphthalene- and naphthol-sulphuric acids. 

The union of the halogen atoms, and also that of the other sub- 
stituents, like NOj, SO3H (cp. B. 26 , 3028), in naphthalene derivatives 
are, as a rule, less stable than in the corresponding benzene derivatives. 

Fluoro-naphthalenes Ci(,H7F : the a-form boils at 216®, the jS- melts 
at 59° and boils at 213®. 

Cbloro-naphthalenes C10H7CI : the a- boils at 263®, while the jS- 
melts at 56® and boils at 265®. a-Chloro-naphthalene is produced (i) 
in chlorinating boiling naphthalene ; further, (2) by action of alcoholic 
potash upon naphthalene dichloride ; (3) from naphthalene-a-sulphonic 
add and PCl^ ; (4) from a-amido-naphthalene. ) 3 -Chloro-naphthalene 
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is prepared from j 3 -ainido-naphthalene or from j 3 -naphthol. DiehloriH 
naphthalenes CioHgCl2 : The ten possible isomerides are known : 
I, 2- melts at 35® and boils at 281® ; i, 3- melts at 61® and boils at 289® ; 
I, 4- melts at 68® and boils at 287® ; i, 5- melts at 107® ; i, 6- melts 
at 48® ; I, 7- melts at 62® and boils at 286® ; 1,8- melts at 83® ; 2, 3- 
melts at 120® ; 2, 6- melts at 135® and boils at 285® ; 2, 7- melts at 114® 
(B. 24 , 3475, R. 653, 704, 709 ; 26 , R. 536). 

Trichloro-naphthalenes. — There are fourteen isomerides ; see B. 
29 , R. 227. 

Pentachloro-naphthalene C10H3CI5 melts at 168®. Perchloro- 
naphthalene CjoClg melts at 203® and boils at 403®. 

Bromo-naphthalenes CioH7Br : the a-variety melts at 5® and boils 
at 279®, while the jS-variety melts at 59® and boils at 282®. lodo-naph- 
thalenes CiqH,! : the a-body is an oil, boiling at 305° ; tiie j 3 -body 
melts at 54*5°. a-Iodo-naphthalene is obtained by the introduction of 
iodine into a carbon bisulphide solution of mercury dinaphthyl 
Hg(CioH7)2. See B. 29 , 1408, for the bromo-iodo-naphthalenes, and 

27 , 599, for the naphthyl-iodo-cMorides and iodoso-naphthalenes. 
Consult B. 29 , 1573, for ) 3 -iodo-naphthalene. lodo-naphthalene and 
naphthyl-phenyl-iodonium hydroxide, see B. 29 , 1573 ; 83 , 692 ; 
C. 1901, II. 750. 

2. Nitro-naphthalenes. — a-Nitro-naphthalene CioH7-a-N02 consists 
of yellow needles, melting at 61® and boiling at 304®. It is pro- 
duced on treating naphthalene with nitric acid at the ordinary tempera- 
ture. When heated with PCI5 it yields a-chloro-naphthalene. Chromic 
acid oxidises it to v-nitro-phthalic acid. j 3 -Nitro-naphthalene, melting 
at 79°, lb derived from jS-nitro-naphthylamine by replacing the NHj 
group by hydrogen, or, better, from j 3 -diazo-naphthalene nitrite C10H7N 
=N.O.NO, by means of CugO (B. 20 , 1494 ; 36 , 4157). Transformation 
into 4, I- and 2, i-nitroso-naphthol, see A. 355 , 299. Different dinitro* 
naphthalenes are obtained by the nitration of naphthalene at high 
temperatures. Consult B. 29 , 1243, 1521, for the separation of the i, 5- 
and I, 8-compounds. The i,5-(a-) compound melts at 216® ; the i, 8- 
(jS-) body melts at 170®, and when heated with potassium cyanide yields 
potassium naptho-cyaminate C28Hi7Ng09K. The two dinitro-naph- 
thalenes, when heated with sulphuric acid and reducing agents, form 
naphthazarin or dioxy-naphtho-quinone (B. 27 , R. 959). 1 , 8-(y-) 
Dinitro-naphthalene, melting at 144°, is obtained from amido-di- 
nitro-naphthalene. At very low temperatures (—50® to —55®) nitric 
acid and naphthalene form various dinitro-naphthalenes (B. 26 , R. 362). 
When naphthalene or dinitro-naphthalenes are boiled for some time 
with fuming nitric and sulphuric acids (B. 28 , 367) tri- and tetranitro- 
naphthalenes are produced. These explode partly with violence on 
heating. 

3. Nitroso - naphthalenes, — Mononitroso - naphthalene C20H7.NO, 
melting at 89® and decomposing at 134®, results from the action of 
nitrosyl bromide upon mercury dinaphthyl, or by oxidation of naphthyl- 
hydroxylamine with AggO or PbO, (B. 41 , 1937). 

1 , 4 -Dinitroso-naphthalene is a powder exploding at 120®, and is 
produced when a-naphtho-quinone-dioxime is oxidised with red prus- 
siate of potash. 1 , 2 -Dinltroso-naphthalene, melting at 127® (B. 19 , 
349; 21 , 434), is similarly formed from jS-naphtho-quinone-dioxime. 
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4. Amido-naphihaUnes, Naphtkylamines. — (a) Primary Amines. 
— The naphthylamines, in contrast to the anilines, arc very easily 
obtained by heating the oxy-naphthalenes or naphthols with ammonia- 
zinc chloride. 

They are also formed by fusing naphthalene-sulphonic acids with 
sodium amide. Naphthalene itself in the presence of phenol at 220® 
jnelds a-naphthylamine and i, 5-naphthylenc-diamine (B. 89 , 3011). 

The acid sulphurous acid esters of naphthols and naphthol deriva- 
tives are transformed by treatment with ammonia in aqueous solution 
into naphthylamines at temperatures as low as 100°. This action is 
reversed by boiling with alkaline bisulphite (J. pr. Ch. 2, 69 , 49) ; 

C,oH,.OSO,Me C,oH,.NHa. 

hOjH Me 

a-Naphthylamine C,oH7-a-NH2, melting at 50® and boiling at 300®, 
results from the reduction of a-nitro-naphthalene, or on heating 
a-naphthol with ZnClg or CaCIj-ammonia to 250®, and is synthetically 
produced when aniline and zinc chloride are heated with pyro-mucic 
acid. It crystallises in flat needles, which are especially beautiful when 
they separate from aniline. It acquires a red colour on exposure to 
the air, sublimes readily, and possesses a pungent odour. In general, it 
behaves exactly like the phenylamines. 

Sodium in amyl alcohol reduces it to a-tetrahydro-naphthylamine. 
It is oxidised to a-naphtho-quinone when boiled with chromic acid. 
Oxidising agents (chromic acid, ferric chloride, silver nitrate) produce 
an azure-blue precipitate in the solutions of its salts : oxy-naphthyl- 
amine CjoHgNO (A. 129 , 255). 

In a-naphthylamine derivatives the amido-group can be replaced 
by the hyckoxyl group by treating with HjSOj and alkali (C. 1900, 

n. 359). 

/3-Napbthylamine, melting at 112® and boiling at 294®. results from 
jS-naphthol and ZnClj-ammonia. It is odourless, and is not coloured by 
ferric chloride and the like. Potassium permanganate oxidises it to 
phthalic acid. ^-Tctrahydro-naphthylamine is formed by its reduction. 

Secondary and Tertiary Naphthylamines, — Naphthyl-alkylaminesare 
formed, analogous to the alkyl-anilines, from the naphthylamines with 
alkylogens, or upon heating the naphthylamine hydrochlorides with 
alcohols. Also from the sulphurous esters of naphthols by heating 
with aliphatic amines. The jS-naphthol, but not the a-naphthol esters, 
react in this way with aromatic amines (J. pr. Ch. 2, 70 , 345 ; 71 , 433). 

a-Naphthyl-methylamine C10H7NH.CH3, boils at 293® ; a-naphthyl- 
ethylamine boils at 303® ; jS-naphthyl-dimethylamine C|oH7-j3-N(CH3)2 
melts at 46® and boils at 305® (B. 13 , 2053) . The phenyl-naphthylamines 
C1oH7.NH.C0H5 are formed, when the hydrochlorides of a- and jS- 
naphthylamines are heated with aniline and zinc chloride. On heating 
the naphthylamines with zinc chloride or with HCl to i8o®~i90®, or 
with a- and )S-naphthol, various dinaphthylamines result. j 3 , jS- 
Dinaphthylamlne CioH7-^-NH-^CioH7, melting at 171® and boiling 
at 471®, occurs as a by-product in the technical manufacture of j8- 
naphthylamine. Heat^ to 150® with concentrated hydrochloric acid, 
it breate down into ) 5 -naphthylamine and j 3 -naphthol. Heated with 
sulphur it forms thio-dinaphthylamine NH(CioH0)jS, corresponding to 
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thio-diphenylamine. When sulphuric acid (8o per cent.) acts upon 
j8-naphthylamine in the presence of oxidising agents, two naphthalene 
nuclei unite and naphthidine (CioHe.NHj)* results (B. 25 , R. 949). 

The acid derivatives oj the naphthylamines show great similarity to 
those of the anilines. The naphthyl-benzene sulphamides C 10 H 7 .NH. 
SOj.CjHj manifest a rather remarkable deportment, similar to that of 
the naphthols, in that they dissolve in the alkalies, and unite similarly 
with diazo-salts, etc. (B. 27 , 2370). Consult B. 25 , R. 9, upon naphthyl- 
carbamine-chlorethyl esters C,oH7.NH.COOC2.H4Cl and their trans- 
position products. See B. 29 , R. 184, for the a-naphthylamine de- 
rivatives of succinic, tartaric, and citric acids. 

Substituted Naphthylamines, — Haloid naphthylamines result by 
direct substitution, or by the action of ammonia upon substituted 
naphthols. 1, 2 - and 1 , 4-nltro-naphthylamines are formed by the 
nitration of aceto-a-naphthylamine and its subsequent saponification. 
The I, ^-body melts at 191®. It is oxidised to a-naphtho-quinone. It 
forms a-nitro-naphthalene by the elimination of the NH* group. 
Boiling potassium hydroxide converts a-nitro-naphthalene into i, 4- 
nitro-naphthol (B. 19 , 796 : 25 , R. 432). The i, 2~compound melts at 
144®, and yields ) 3 -nitro-naphthalene and 2, i-nitro-naphthol. 

l-NItro-2-naphthylamiDe, melting at 127®, is formed by the nitration 
of aceto-jS-naphthylamine and subsequent saponification of the aceto- 
derivative. Nitrous acid and alcohol convert it into a-nitro-naphtha- 
lene. 2, 5- and 2, 8 -Nitro-naphthylamines (B. 25, 2076) are produced 
when / 3 -naphthylamine nitrate is introduced into concentrated sulphuric 
acid. 

Naphthylene Diamines, — Diamido-naphthalenes, naphthylene-dia- 
mines, are obtained by the reduction of dinitro- and nitro-amido- 
naphthalenes, also by the decomposition of amido-azo-naphthalenes, 
and when dioxy-naphthalenes and amido-oxy-naphthalenes are heated 
with ammonia (B. 21 , R. 839 : 22 , R. 42 ; 26 , 188). 

The o-naphthylene-diamines adapt themselves like the o-phenylene- 
diamines to condensation reactions, in that they form naphtho-deriva- 
tives of heterocyclic rings. To a certain degree the o-naphthylene-dia- 
mines in this respect resemble the i, 8- or /^en-compounds (p. 651). 

1, 2-Naphthylene-diamine, melting at 98®, is obtained by reduc- 
tion from jS-nitro-a-naphthylamine and j 3 -naphtho-quinone-dioxime. 
2, 3-Naphthylene-diamlne, melting at 191®, is derived from 2 , 3-dioxy- 
naphthdene by the action of ammonia at 240®. These two bodies 
yield naphtho-azimides with nitrous acid, anhydro-b^sts with car- 
boxylic acids, quinoxalins with o-diketones, etc. (B. 25, 2714 ; 26, 
188 ; 27, 761 ). Perfectly similar hetero-ring-formations are exhibited 
by 1 , 8 - (peri-) naphthylene-diamine, melting at 67 ® and obtained from 
I, 8-dinitro- or i, 8-dioxy-naphthalene : however, it does not, in 
contrast to the o-diamines, condense with o-diketones, like phen- 
anthra-quinones, forming azines (B. 22, 861). 

1 , S-Naphthylene-dlamlne melts at 96 ® ; has been obtained by nuclear 
synthesis by the action of concentrated H2SO4 upon v-phenyl-j 3 -imino- 
butyro-nitrile (B. 28 , 1953). i, y{m)- Naphthylene-diamine derivatives 
are derived from naphthylamine-sulphonic acids, which contain the 
SOjH group in the meta-position with reference to NH„ by the action 
of amines. 
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(1, 4)-Naphtliyl6ne-4lamlna, melting at xao^, residto from the re- 
duction of a-nitro-naphthylamine, and the dwomposition of a-amido- 
Bzo^n&pbthalene, by tin and hydrochloric aod. Feme chloride con- 
verts it into a-naphthc^uinone, and hleaching-lime changes it to 
naphtho-quinone dichlorimine. 

1, 5-Naphthylene-dlamine, m.p. 189^, has also been obtained from 
a-naphthylamine, and 1, b-napUftyltne^diantinf, m.p. 78**# from jS- 
naphthylamine by fusing with NaNHj (B. 89, 3021). 

1, T-Naphthyiene-diamine, m.p. 117®; see B. 25, 2082. 2, 6-Maph- 
thylene-diamine, m.p. 216° ; see A. 323, 130. 2, 7-Naphthylene*-dlamlne, 
m.p. 159® (J, pr, Ch. 2, 69, 89). 

5. Diazo- and Azo^ompounds of Naphthalene, — By the action of 
HNO,and NaNOjUpon the salts of naphthylamines, diazo-compounds 
are obtained which, like the benzene-diazo-compounds, form azo-dyes 
vvith anilines and phenols. The diazo-amido-compounds probably 
formed cannot be isolated. But a- and j3-naphthaJene-diazonium 
chloride and aniline give a- and jS-naphthalin-diazo-amido-benzol, 
naphthyl-phenyl-triazene CioH,N : N.NHC^Hg, m.p. 84® and 150® 
with decomposition. The a-body has also been obtained by other 
methods (B. 40, 2400). 

/3-Diazo-naphthalin-imide, m.p. 33®; seeC. 1908, 1. 527 (/. pr. Ch, 
2, 76, 461). l-Nitro-2-diazo-naphthalln-imide CioHe[i]N02[2]N„ m.p. 

1 17®, decomposes on heating with alcohol or glacial acetic acid into N, 
and I, 2-dinitroso-naphthalene (C. 1908, I. 526). 

/3-Diazo-naphthalene acid, ^•naphthyUnitramine CioH7-jS-NH.N02, 
yields on transposition 2-amido-i-nitro-naphthalene (B. 30, 1262). 

Azo-naphihaknes, — The reduction of nitro-naphthalenes to azoxy- 
and azo-naphthalenes is less straightforward than in the case of the 
nitro-benzols. a-Nitro-naphthalene gives on reduction with zinc dust in 
neutral solution naphthyl-hydroxylamine and aa-azoxy-naphthalene 
CjoH7[a]N20[a]CigH7, m.p, 127®. The latter on further reduction 
yields aa-azo-naphthalene, m.p. 190®, red needles (A. 321, 61). 

j3i3-Azo-naphthalene, m.p. 208®, red flakes, is lormed besides 

C,oH.-N 

dinaphtho-ortho-dlazin ' II and 2, 2-diamido-i, i-dinaphthyl by 
C,oH, — N 

reduction of /3-nitro-naphthalene (B. 36, 4153). 

Benzol-azo-naphthalene CioH7.N2CeH5, m.p. 65®. 

o-Tolnene-azo-naphthalene C10H7.N2.C7H7 melts at 52® (H. 26 , 143). 

Naphthyl-azo-acetoacetic ester Cx^7.N,.CH(COCH,)COJR, melting 
at 94®, is formed from diazo-naphth^ene chloride and sodium aceto- 
acetic ester. Caustic potash changes it to naphthylazoacetone, and by 
the acid decomposition it is resolved into naphthyl-azo-aceiic acid (B. 
24, R. 571). 

A mido-azo-naphthalenes — ^a-Amido-azo-naphthalene C,oH7-a-Na-a“ 
CipHe-ai-NHj, melting at 175®, is formed by adding sodium nitrite 
(i mol.) to the aqueous solution of naphthylamine hydrochloride 
{2 mol.) ; the diazo-amido-naphthalene CjoHy.Nj.NH.CioHy first 
formed undergoes a molecular rearrangement. Tin and hydrochloric 
acid resolve a-amido-azo-naphthalene into a-naphthylamine and 
(i, 4)-naphthylene-diamine. Naphthalene red belongs to the safraninc 
dyes and is produced when a-amido-azo-naphthalene is heated with 
naphthylamine hydrochloride. 



NAPHTHALENE GROUP 663 

^-Amldo-azo-napbthalene, from fl-naphthylamine, melts at 1*^6® 
(B. 19 , 1282). 

a-Naphthylamlne-azo-benzene-salphonio aeld C«H 4 (S 03 H).N 2 .CioHe. 
NHg^from sulphanilic acid and naphthylamine hydrochloride, is coloured 
orange by caustic potash and red by acids (test for nitrous acid). 

The o-azo-compounds of )8-naphthylarylamines, like benzene-azo- 
/i^-naphtbyl-pbenylamine when oxidised form 

ammonium bases of the pseudo-azimide group, and when heated they 
split off aniline, forming naphlho-phenazines (A. 28, 328) : 


yNiN.C,H, o /N : N.C,H, — c,H*NH, /N\ 

1 >NC,H.; C.,H/ ►C„h/ | >C,H,. 


/ \ 

HO C,H, 


Compare further B. 18, 3132 ; 20 , 1167 ; 24 , R. 765, for the con- 
stitution of the products resulting from the action of diazo-salts upon 
jS-napthylamines, which are sometimes viewed as j8-quinone derivatives. 

6 . Hydrazin Derivatives of Naphthalene. — Hydrazo - naphthalene 
CiqH7.NH.NH.CiqH7, melting at 275°, corresponds to hydrazo-benzene. 
It is formed on boiling azo-naphthalene with alcoholic sodium hydroxide 
and zinc dust. When digested with hydrochloric acid it changes to the 
isomeric naphtbidin or diamido-dinaphthyl and i, i-diamido-2, 2-di- 
naphthyl or dinaphthylin (B. 38, 136) ; )3j3-hydrazo-naphtbalin, m.p. 
141°, is transposed into 2, 2 -diamido-i, i-dinaphthyl by both acids and 
alkalies (cp. benzidin transposition). 

Naphthyl-hydrazins CjoH7.NH.NH2 are derived from the diazo- 
chlorides of the two naphthylamines by the action of stannous chloride 
and hydrochloric acid (B. 19, R. 303). The a-compound melts at 117®, 
the / 3 -modification at 125®. They unite with the aldehydes and ketones 
forming hydrazones ; these form naphthindol compounds by condensa- 
tion, and manifest throughout the tendency to form derivatives and 
hetero-ring formations similar to those shown by the phenyl-hydrazins 
(B. 19, R. 831 ; 22 , R. 672). On /S-naphthyl-hydrazones of sugars, see 
B 85, 1841. 2 , 3-Naphthylene-dihydrazin CioH3[2, 3](NHNH2)2, 

m.p. 156°, see B. 38, 266 ; J. pr. Ch. 2 , 76, 205. 

7. Sulphonic Acids.— On digesting naphthalene with sulphuric acid 
we have formed a- and jS-napbtbalene-suIpbonio acids. At lower 
temperatures (80®) the a-acid, melting at 90®, predominates, while at 
about 160® and with an excess of sulphuric acid the /S-acid, melting at 
161®, is the chief product. When heated with sulphuric acid the a-acid 
passes into the / 3 -variety. They may be separated by means of the 
calcium or lead salts. The free acids are crystalline, and deliquesce 
readily. The a-acid decomposes upon heating with dilute hydro- 
chloric acid to 200® into naphthalene and sulphuric acid, whereas the 
/8-acid remains unaltered. 

The a-sulpho-chloride melts at 66® and boils at 185® (13 mm.). The 
^sulpho-chloride melts at 76® and boils at 201® (13 mm.) {J. pr. Ch. 
2. 47, 49 )- . Protracted heating of naphthalene writh concentrated 
sulphuric acid produces two isomeric disulpho-acids : 2, 6- and 2, 7-. 

Napbthalene-disulpbonic Acids.— They are separated by crystallising 
their chlorides from benzene (B. 9, 592). Additional disulphonic acids 
of naphthalene have been prepared by sulphonating the naphthalene- 
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monosulphonic acids, by oxidising thio-naphthol-sulphonic acids, from 
the naphthylamine-disulphonic acids, etc. A series of naphthalene- 
trlsulphonio adds has been made by similar indirect methods (B. 554, R. 
054, 707, 715 : 27 , R. 81 , 82, 3186 : Proe. 126, 168). Chloro-oaphthalene- 
sulphonie a dds have been obtained in part by sulphonating the chloro- 
naphthalenes, and in part by replacing the NH, group of the naphthyl- 
amine-sulphonic acids by halogens (B. 24 , R. 658, yoy ; 25 , 2479 I 
Ch. Z. 1805. 1114). Nitro-naphthalene-sulphonlo adds are obtained by 
.sulphonating the nitro-naphthalenes or nitrating the chlorides of the 
.•julphonic acids (B. 26 , R. 536)- 

Some naphlhylamine-sulphonic acids possess technical value, inas- 
much as they form desirable and valuable dyes by combining with the 
tetrazo<ompounds of the benzidine series : 

(a) a-Naphth5’lamine, treated at 130° with an excess of concentrated 
sulphuric acid, forms 1, d-naphthylamlne-sulphonic add, naphthionic 
add, which can also be prepared from nitro-naphthalene with ammon- 
ium sulphite by simultaneous reduction and sulphonation (Ch. Z. 1895, 
1114 ; A. 78 , 31). The acid crystallises w'ith |HjO and dissolves 
sparingly in water. Its sodium salt has the formula CjjHeiNHjlSOjNa 
-|-4HgO. A\Tien the acid combines with the tetrazo-derivative of 
benzidine Congo red is produced. Tin and hydrochloric acid decom- 
pose the latter with the formation of t, 2-naphthylene~diamine-^- 
sulphonic acid. See B. 29 , 1978, for additional naphthylene-diamine- 
sulphonic acids. 

If a-naphthylamine be digested with sulphuric acid at 130° for 
some time there results, instead of the i, 4-acid, 1, 5-naptbylamine- 
sulphonie add, naphihal-idinic acid, and this finally gives place to 
the I, 6-acid (B. 26, R. 534). 1, 8- or Peri-naphtbylamine-sulpbonlc 
add is obtained from peri-nitro-sulphonic acid. The derivatives of the 
I, 8-acid show a tendency to part with water with the production of 

SO, 

sultams — e.g. I , 1, 8-napbtb-saltam, 2, 4-disulphonic 

.so, 

add (SOtH),c„H,<^ I , 1, S-napbtb-sultam-trlsalphonic add (B. 27, 

2137). Peri-amido-naphthol derivatives are produced when these 
sultams are fused with caustic potash (B. 28 , R. 636). 

Dimethyl-a-naphthylamine-sulphonlc acids (CH3)2NCjoHgS03H, see 
B. 35, 976. Naphthionates condense easily with aldehydes to RCH : 
^’CioHeSOgMe (C. 1901, 11 . 903). 

(b) Four different, isomeric, ^•naphthylaininc-sulphonic acids (A. 
276 , 262) are produced, according to the temperature, when j 3 -naphthyl- 
amine is sulphonated : 

^ ^ SOjTEi ^ SOjH ^ 

‘ NH, ' NH, ' NH, ' NH, 

a-acid / 9 -acid F- or ($-acid y-acid 

(Baden acid) (Brdnner's acid) (Dahl’s acid). 

These acids can also be prepared by the action of ammonia upon the 
corresponding naphthol-sulphonic acids (p. 669). The j8- and the F- or 
S-acids are particularly valuable, because by their combination with 
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o-tetrazo-ditolyl beautiful red dyes having a blue tinge result. Certain 
^naphthylamine-disulphonic acids are technically important : 



NH, 

A mido-sul phonic acid G 
(B. 24 . R. 716) 


SQ3H 

HOi,S- 

HN, 

Amido-sulphonic acid R 
(B. 84 , R. 707) 


SO,H 

HO^ S I ' 

' NH, 

d- Amido-sulphonic acid 
(B. 24 . R. 715)- 


See B. 27 , 1193, for additional j8-naphthyl-amido-poly-sulphonic 
acids. These jS-naphthylamine-snlphonic acids, which contain a 
sulpho-group in the m-position with reference to the NH, group, 
readily exchange the sulpho-group for the amine residue when they are 
heated with amines (B. 28 , R. 311). 

1, 4-Dlazo-Daphthalene-SQlphoni6 acid diazo-naph- 

thionic acid, is produced by the action of nitrous acid upon naphthionic 
acid. It forms rocellin by combining with a-naphthol, and azorubin 
S by its union with a-naphthol-a-sulphonic acid. 

By the union of various azo-naphthalene-diazo-sulphonic acids — e.g, 

CioH7N,.CioH5<^g^ ^O— with naphthol-monosulphonic acid, azo-black 

dyes — e.g. naphthoUUack, wooUblack, etc. — ^result. 

8. N aphihalene-sulphinic acids are derived by the reduction of the 
chlorides of sulpho-acids ; on treating naphthalene-diazonium salts 
with SO, and powdered Cu ; or by the action of SO, upon naphthalene 
in the presence of AlCl, (B. 32, 1141 ; 41, 3319). a-Naphthalene- 
sulphlnlc acid C3oH7.SO,H melts at 84®, while the ^-acid melts at 105® 
(B. 26, R. 271). These acids behave just like the benzene-sulphinic 
acids (B. 25, 230). Mixed naphthyl-sulphones are prepared from their 
salts by the action of alkyl bromides (B. 29, R. 979). 

9. Naphthols , — The oxy-derivatives of naphthalene or naphthols in 
general show a deportment similar to that of the phenols. However, 
their hydroxyl group is more reactive. They readily yield naphthyl- 
amines with ammonia. They form esters and ethers more easily than 
the phenols (B. 15, 1427 ; C. 1900, I. 131, 349). The naphthols occur 
in coal-tar (A. 227 , 143). 

a-Naphthol CioH^-a-OH melts at 95®, boils at 278®-28o®, and results 
from a-naphthalene-sulphonic acid by fusing with potash, and from 
a-naphthylamine by means of the diazo-compound, and upon fusing 
a-naphthalene-sulphonic acid with alkalies. Its formation from 
phenyl-iso-crotonic acid is very noteworthy. It is soluble with 
difficulty in hot water, readily in alcohol and ether, crystallises in 
shining needles, has the odour of phenol, and is readily volatilised. 
Ferric chloride precipitates violet flakes of dinaphthol C,oHi,(OH2) from 
its aqueous solution. Nitrous acid converts it into 2, i- and 4, i-nitroso- 
naphthol ; chlorine in acetic acid changes it to various chlorinated 
naphthols and keto-hydro-naphthalenes ; potassium chlorate and 
hydrochloric acid oxidise it to dichloro-naphtho-quinone (A. 152 , 301) ; 
metallic sodium and alcohol reduce it to ar-tetrahydro-naphthol 
(p. 412), while potassium permanganate in alkaline solution breaks it 
down into carbo-phenyl-glyoxylic add. The acetate CioH7-a-O.C,H30 
melts at 46®. See B. 28 , 3049, for the carbonate and phosphate. 
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jS-Naphthol CioH^-jS-OH, melting at 122® and boiling at 286®, is 
derived from jS-naphthalene-sulphonic acid, or jS-naphthylamine. It is 
readily soluble in hot water and crystallises in leaflets. Ferric chloride 
imparts a ^eenish colour to the solution and separates a dinaphthol. 
Nitrous acid and jS-naphthol yield i, 2 -niiroso-naphthoL The acetate 
CioH7-jS-OC2H30 melts at 70®. On mixing glacial acetic solution of 
jS-naphthol and mercury acetate we obtain )3-oxy-naphthyl-mercuric 
acetate CioHe(OH).Hg.OCOCHj (B. 81 , 2624). 

The bismuth salt of ) 3 -naphthol has been recommended, under the 
name of orpholum, as an intestinal antiseptic. 

N aphthol-alkyl ethers are formed when the naphthols are heated 
with alcohols and hydrochloric acid to 150® (B. 15 , 1427), or from 
naphthol-alkali salts with halogen alkyls or alkyl sulphates (B. 
34 , 3172) 

a-Naphthol-ethyl ether boils at 277®. j3-Naphthol-methyl ether and 
ethyl ether have been called Jara-Jara and neroline and been used in 
perfumery (B. 26 , 2706). a- and j3-Dinaphthyl ethers melt at no® and 
106® (B. IS, 1840 ; 14 , 195 ; C. 1906, I. 364). a- and jS-Naphthyl- 
phenyl ether, m.p. 55® and 93®, from the diazo-naphthalenes with 
phenol (C. 1902, 11. 1470). a- and j 8 -Naphthoxy-acetio acid C 10 H 7 
OCHjCOOH, cp. B. 34 , 3191. 

Naphihol honiologues, such as 2, 1- and 3 , 1 -methyl-naphthol CjoH* 
(CH3)0H, melting at 80® and 92®, have been prepared from phenyl-a- 
and -jS-methyl-iso-crotonic acids (A. 255, 272). 1 , 4-Dlmethyl-8- 

naphthol CioH6(CH3)20H, melting at 136®, is obtained from santonin 
(p, 724) (B. 28, R. 116, 619 ; 31, 1675). 1, 2-Methyl-naphthol CjoHJi] 
CH3[2]0H, m.p. no®, from j8-dinaphthol-methane by reduction with 
zinc dust and soda. HNOg has a peculiar action upon i, 2-methyl- 
naphthol and its substitution products, producing either o-quinitrols or 
o-methylene-quinones. 1, 2-Methyl-naphtho-quinitrol CjoHe[2] : 0 [i] 
(N02)CH3, m.p. 60®, heated above its m.p., gives 1 , 2 -methyl-naphtho- 
qulnol, m.p. 89®, also obtained direct from i, 2-methyl-naphthol by 
oxidation with Cr03 in glacial acetic acid (C. 1907, II. 1415). 1, 2 - 
Naphtbo-methylene-quinone C,pHe[2] . 0 [i] : CHj, m.p. 132®, yellow 
needles, shows a reaction inertia resembling that of the o-methylene- 
quinones of the benzene series (B. 39 , 435 ; 41, 2614). 

Substituted Naphthols. — Substituted a-naphthols can be synthesised 
from the substituted phenyl-iso-crotonic acids (cp. B. 26 , R. 537). 
Otherwise they are made by methods similar to those adopted with the 
substituted phenols (p. 193). 

1 -Nltro-naphthol C,oH3[4](N02)[i]OH, melting 
at 164®, and 2, 1 -nitro-naphthol CioHe[2]N02[iJOH, melting at 195®, 
result from the oxidation of 4, i- and 2, i-nitroso-naphthol with 
potassium ferricyanide or nitric acid (B. 25 , 973), or by boiling the 
corresponding nitro-naphthylamines with caustic potash. 

2 , 4-Dinltro-a-naphthol, melting at 138®, is produced by the action 
of nitric acid upon these nitro-naphthols or upon naphthalene-a- 
sulphonic acid, a-naphthylamine, and a-naphthol-disulphonic acid (A. 
152 , 299). It is almost insoluble in water, sparingly soluble in alcohol 
and in ether, decomposes alkaline carbonates, and forms yellow salts 
with one equivalent of base. The salts dye silk a beautiful golden 
yellow. The sodium salt C2oH3(N02)t.ONa+H20 finds use in dyeing, 
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under the name of naphthalene yellow (Martius yellow), and is frequently 
used to colour foods. The potassium salt of dinitro-naphthol-sulphonic 

acid, (B. 24 , R. 709), obtained by the nitration 

of naphthol-trisulphonic acid, is naphthol yellow. 

Trinitro-a-naphthol melts at 177''. 

a-Nitro-j3-naphthol, melting at 103*", is produced in the oxidation 
of a-nitroso-j8-naphthol, or from nitro-j 3 -naphthylamine by the action 
of caustic potash. See B. 25 , 2079, R. 670, and 81 , 2418, for other 
nitro-jS-naphthols and -naphthol ethers. 

A mido-naphthols.— These are derived by the reduction of nitro- 
naphthols, by the action of ammonia upon dioxy-naphthalenes, the 
decomposition of naphthol-azo-compounds, etc., etc., from dio^- 
naphthalenes with NH3, from naphthylamino-sulphonic acids by fusion 
with potash, from naphthol-sulphonic acids, and direct from naphthalene 
by fusion with Na amide (B. 39 , 3006). 

In the isonuclear, particularly the i, 3-amido-naphthols, the 
NHg group is more readily displaced than in the heteronuclear 
isomerides. 

(1, 4)-Amido-a-naphthoI CioHe(NH2).OH results from the reduc- 
tion of (i, 4)-nitro-naphthol, and by the decomposition of a-naphthol 
orange CioH6(OB[)*N2.CeH4.S03H. It is very unstable. It 5nelds 
a-naphtho-quinone by oxidation. 

Its ethyl ether CioH4(OC2H3)NH2 melts at 96®. j\-Acetamido~i^ 
naphthol, naphthacetol, melting at 187®, is especially well adapted for 
the production of pure naphthol-azo-dyes. e^-Acetamino-i-^naphthoU 
ethyl ether, naphthacetin, melts at 189® (B. 25 , 3059). 

2-Amido-a-naphthol, from 2, i-nitro-naphthol, oxidises in the 
air to imido - oxy - naphthylamine or 8 - naphtho - quinonimide 
yO .NH 

, forming violet leaflets. 

2, i-Amido-naphthol yields anhydro-bases or naphtho xazoles (see 
B. 25 , 3430) with cau-boxylic acids, etc. 

2-Diazo-a-naphthol, j3-naphtho-quinone-diazide CioH, , yellow 

needles, m.p. 77°, from i-chloro-2-naphthalene-diazonium sulphate 
on standing in aqueous solution ; cp. quinone diaizide (C. 1903, 
1. 401). 

l-Amido-j8-naphthol, from the reduction of i-nitro- or nitroso-p- 
naphthol, or by the decomposition of j8-naphthol orange, can be oxi- 
dised to /S-naphtho-quinone. 1, 3-Amido-naphthol decomposes at 
185° (B. 28, 1952). 1, S-Amido-naphthol decomposes at 185° (B. 28, 
1952). 2, 3-Amido-naphthol, melting at 234°, is produced by the 
action of concentrated ammonia at I35‘’-I40® (B. 27, 763) upon 
2, 3-dioxy-naphthalene. 

1 , 6-Amido-naphthol, m.p. 186°, obtained from / 3 -naphthol, 2, 6- 
and 2, 8-naphthol-sulphonic adds. 1, 5-Amldo-naphthol, from a- 
naphthol and i, 5-naphthol-sulphonic acid on fusion w-ith Na amide. 
1, 8-(peri-)-Amido-naphthol, m.p. 96°, from i, 8-naphthylamine-sul- 
phonic acid by fusion with potash (B. 89, 3331 ; 42, 4748). 1, 7-Ainldo- 
naphthol, m.p. ibs**, see B. 42, 350. 
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Azo-naphthols, — The naphthols can be readily combined with all 
diazo-comi^unds to azo-derivatives. The a-naphthols add the diazo- 
group as easily to the para-(4-) as to the ortho-(2-) position. However, 
the p-position is preferred, and it is only when this is occupied that the 

0- position is assumed (B. 29 , 2945 : 80 , 50 ; SI, 2156). The final 
products are o, p-dis-azo-compounds. With the j 5 -naphthols the 
diazo-group attaches itself only to the a-position referred to the 
OH group. 

From a-naphthol we obtain in the first instance 1 , 4 -HaphthoI-azo- 
benzol (OH)[i]C,oHe[4]N : NCeH^ and l-naphthol- 2 , 4 -dis-azo-benzol 
(OH)[i]C,oH5[2, 4](N : NC^Hj),: from jS-naphthol. 2 -naphthoM -azo- 
benzol (OH)[2]CioHe[i]N : NC.Hj. 

These same compounds are also obtained by the action of phenyl- 
hydrazin upon the naphtho-guinones, a-Naphtho-quinone-phenyl- 
hydrazone is identical with i-naphthol-4-azo-benzene. jS-Naphtho- 
quinone and phenyl-hydrazin form a compound which probably is 

1- naphthoI- 2 -azo-benzene, melting at 128°. which cannot be directly 
made from a-naphthol, because it is converted by diazo-benzene 
chloride into i-naphthol-2, 4-dis-azo-benzene. 

In spite of this formation, the azo-naphthols, like the azo-phenols, 
must be regarded as true oxy-azo-compounds. In i-naphthol-2-azo- 
benzol, the tendency towards the azo-structure is so strong that the 
acyl-phenyl-hydrazones immediately transpose into the isomeric 
0-acyl-compounds, which are also obtained direct by acylation of 
the l-naphthol- 2 -azo-benzol (A. 359 , 353): 




"O 

N.N(Ac)C,H, 




OAc 

N : NC.H/ 


The naphthol-azo-dyes are of great importance in the colour in- 
dustry. They are prepared almost exclusively in the form of their 
sulpho-acids, which are formed (i) by the union of the naphthols with 
diazo-sulphonic acids — e.g. a-naphthol orange OH[i]CioH«[4].N2.C®H4. 
SO3H, ) 3 -naphtbol orange OH[2]C|oHe[i]N2CgH4S03H, rocellln OH[2] 
CioHe[i]N2.CioH3.S03H. Biebericb scarlet OH[2]C,oHe[i]N2.CeH3 
(S03H)N2.C3H4S03H, forms a- and jS-naphthols with diazo-benzene- 
sulphonic acid, diazo-naphthalene-sulphonic acid, and sulpho-benzenc- 
azo-bciizene-sulphonic acid ; (2) by the combination of diazo-salts 
with naphthol-sulphonic acids. Cp. B. 29 , 2945, for the dye- 
stuffs obtained from naphthacetol and diazo-compounds. 

Amido-naphthols, together with amines, are obtained by the reduc- 
tion of azo-naphthols. The benzenc-azo-p-naphthol ethers, when 
reduced with SnClj, yield 2-anilido-i, ^-amido-naphthol ethers C,oH, 
{0R)(NH2)(NHC3H5) ; the aniline residue enters consequently into 
the nucleus (B. 25 , 1013) ; cp. semidin rearrangement (p. 146). 

(d) Naphthol-sulphonic acids have been made in great numbers and 
introduced into trade. In method of preparation and chemical 
behaviour they exhibit nothing new, when compared with the phenol- 
sulphonic acids. In the following paragraph, therefore, a table alone 
of the representatives of these groups which possess a technical 
value will be introduced : * 


cp. Nietxki, Otganiuhe Farbstoffe, 
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a- N aphthol-mono^suiphontc actds : p~Naphihol~tnono-sulphonic acids : 

CioH,OH.SOjH CioH,.OH.SQ3H 

I 2 Schaeffer’s a*acid, A. 26 Schaeffer’s ^-acid, A. 

162 . 293. 152 , 296. 

I 3 B. 26, R. 31. 2 8 Crocetn acid, B. 22, 

I 4 Neville and Winther’s 453 : 24, R. 654. 

acid, B. 24, 1157 ; 27, 2 5 7»-Mono-sulphonic acid, 

3458 ; A. 273, 102. B. 22, R. 336. 

I 5 L-acid, A. 247 , 343. 2 7 F- or 5 -acid, B. 20 , 

I 7 B 22 , 993 - 1426; 22 , 724- 

1 8 Schollkopf’s acid. A. 

247.306; B. 23 , 3088. 

a-Naphthol-dtsulphontc actds / 

CjoH.OH.SOjjH.SOaH 

124 Disulphonic acid 
for Martins’ 
yellow. 

I 2 7 B. 26 , 1400. 

138 c -Disulphonic 
acid. B. 22 . 

3227. 

146 DR.P. 41,957. 

I 4 7 B. 24 , R. 709 : 

29 , 38. 

143 Disulphonic acid. 

S. B. 28 , 3090. 

a-Naphihol-irtsuiphontc actds t aphthol-trisulphonic acids : 

CjoH^OH.SOaH.SOaH.SOjH C10H4OH.SQ3H.SQ3H.SQ3H 

1247 Sulpbonic a 3 6 8 B. 16 , 462. 

acid lor 
naththol 
yellow 
p. (401). 

1368 Sulphonic 
acid for 
Chfomo- 
trope. B. 

24 , R. (Consult B. 27 , 1207, 1209. for other 
485. /^-naphthol-tnsulphonic acids.) 

It is the acid of Neville and Winther — of all these adds — which 
is principally used in the making of azo-dyes. It corresponds to 
naphthionic acid. It is obtained in its purest state by the action of 
concentrated sulphuric acid upon a-napiithyl carbonate. The R-acid 
and G-acid also meet with application. They unite with benzene and 
naphthalene diazo-salts to form a series of Ponceau- and Bordeaux- 
dyes of the most varying hues. The most important sulphonic acids 
of ^-naphthol are produced together or one after the other in the 
sulphonation of )3-naphthol in the manner represented in the following 
diagram : 

Schaeffer’s ^-acid R-acid 

2]-/J-Naphthol 8 - 1 2! 1’ — *■ 3* ® 

Crocein aad G-acid. 

The naphthol-sulphonic adds containing an OH and SO,H 
group in the i, 8- or peri-position give rise to anhydrides having a 
lactone nature ; these are suUones (cp. sultames). 


p-Naphthol-disulph<mtc actds / 
CjoH4OH.SQ3H.SO3H 

236 B-add. B. 22 , 

396. 

237 5 -Disulphonic 

acid, B. 20 , 
2906. 

248 Disulphonic acid, 
C, B. 26 , R. 
259 - 

268 G-acid. B. 24 , R. 

707. 
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NaphfhOHiiiltone c^qH J j , melting at 154'' and boiling above 3 bo"*, 

, I 

IS formed by decomposing the diazo-derivative of peri-naphthylamine- 
sulphonic acid. The sultone dissolves in hot alkalies, forming salts of 
peri-naphthol-sulphonic acid. Sultones have also been obtained from 
I, 3, 8- and i, 4, 8-naphthol-di- and i, 3, 6, 8-trisulphonic acids. 

Amido-naphthoUsidphonic Acids are produced in the decomposition, 
by reduction, of the azo-derivatives of naphthol-sulphonic acids, anci 
from nitroso-naphthols by reduction and sulphonation, both of which 
processes can be worked in common if the nitroso-naphthols be treated 
with sulphurous acid (B. 27 , 23, 3050). In this way i, 2-nitroso- 
naphthol yields 1, 2, 4 -amido-naphthol-sulphonie acid CioH5[i]NH2[2l 
0H[4]S03H. The isomeric 2,1,4-acid CioH5[i]OH[2]NH2[4]S03H 


produces, even when oxidised in the air, im%do-oxy~naphthalene-sul- 

O 

phonic acid SOjH.CigH,/ i . This dye is black-violet in colour, and 
^NH 


is fast to light and alkalies (B. 25 , 1400 ; 26 , 1279). The 2, i, b-acid 
CioH5[i]OH[ 2]NH2[6]S03H is used as a photographic developer under 
the name of eikonogen. Important dyes, from the technical point of 
view, are 2-amido-8-naphthol-6-sulphonic acids G (B. 25 , R. 830 ; 29 , 
2267) and i-amido-S-naphthol-3, 6-disulphonic acid H (B. 26 , R. 
460, 917). Also 2-amido-5-naphthol-7-sulphonic acid (C. 1907, II. 
1467), and some i, 8-ami do-naphthol-sulphonic acids for black wool 
dyes ; 2-amido-5-naphthol-i-suIphonic acid (C. 1911, I. 1263). 

Further amido-naphthol-sulphonic acids, see /. pr. Ch. 2, 80 , 201. 

Dioxy-naphihalenes . — Nine of the ten possible isomerides are known. 
The hydro-naphtho-quinones resulting from the reduction of the 
naphtho-quinones are worthy of mention : 

jS-Hydro-naphtho-qulnone CioH6[i, 2](OH)2, melting at 60®, 
separates when a solution of )3-naphtho-quinone is boiled with sul- 
phurous acid. It is strongly corrosive. It dissolves in the alkalies 
with a yellow colour, which becomes an intense green upon exposure. 

a-Hydro-naphtho-qoinone CioHe[i, 4](OH)2, melting at 173®, is 
obtained from a-naphtho-quiuone on boiling with hydriodic acid and 
phosphorus, or with zinc and hydrochloric acid. Chromic acid readily 
oxidises it to a-naphtho-quinone. 

2 , 6-Dioxy-naphthalene, m.p. 218®, from Schaeffer’s i 3 -naphthol- 
sulphonic acid by fusion with potash, passes into the 2, 6- or amphi- 
naphtho-quinone on oxidation with PbO*. From this it is recovered by 
reduction with dilute HI (B. 40 , 1410). 

2, 3 -Dioxy-naphthalene melts at 216® (B. 27 , 762). Its mono- 
methyl ether, m.p. 108®, acts physiologically like guaiacol (B. 27 , 762 ; 
C. 1902, II. 554, 744). Also cp. A. 247 , 356 ; B. 28 , 519, etc. 

1 , 8-Dioxy-napht^lene, naphtho^esorcinol, melting at 124®, is 
obtained from i, 3, 4-amido-naphthol-sulphonic acid. It yields o-toluic 
acid when fused with caustic potash (see B. 29 , 1611). 

2-Phenylri, ydioxy-naphihalene, melting at 166®, is made by the 
action of concentrate sulphuric acid upon a, y-diphenyl-aceto-acetic 
ester (p. 653). It absorbs oxygen and changes readily to phenyl- 
hydroxy-a-naphtho-quinone. i, y-Dioxy-naptUhalene melts at 175® ; 
see B. 29 , 40 ; 2, 'j-dioxy-naphihaUnc, see B. 80 , 1119. 
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1, 8 -(Per!-) dioxy-naphthalene, m.p. 140®, from naphtho-sultone by 
fusion with potash (A. 247 , 356). The i, 8-dioxy-naphthalene-3, ^ 
disulphonic acid (‘* chromo-tropic acid ") is obtained by fusing the 
naphthol-trisulphonic acid with potash. It is a component of valuable 
o-oxy-azo-dyes (B. 81 , 2156). 

Trioxy-naphihalenes. — Two trioxy-naphthalenes, a- and j3-hydro- 
Juglones, occur in green walnut shells of Juglans regta (B. 18, 463, 2567 ). 
a-Hydro-juglone CioH 5 [i, 4, 5](OH)3, melting at 169®, is produced by 
the reduction of juglone. In the air it rapidly oxidises to juglone. If 
it be distilled it changes to j3-hydro-]uglone, melting at 97 ®, which 
does not yield juglone upon oxidation. It reverts again to a-hydro- 
juglone when boiled with dilute alcoholic hydrochloric acid. 

1, 2, 4-Trioxy-naphthaleDe, m.p. 154®, is obtained as a triacetate, 
m.p. 134®, by the action of acetic-anhydride-sulphuric acid upon 
a- and jS-naphtho-quinone (A. 311, 345). 1 , 3, &-Trioxy-naphthalene, 
m.p. 95®, see B. 38, 3945. 

1 , 2 , 5 , 6 -Tetraoxy-naphthalene, m.p. 154®, by reduction of naphtha- 
zarin (see below) (B. 28 , R. 543). Reduction of iso-naphthazarin gives 
1 , 2 , 3 , 4-tetraoxy-naphthalene, and on further reduction a 1 , 2 , 3 - 
trioxy-naphthalene, naphtho-pyrogallol (A. 307 , 16). 

Thio-naphthols have been prepared by the reduction of the chlor- 
ides of naphthalene -sulphonic acids or from diazo- naphthalenes. 
Thio - naphthol, naphthyl -mercaptan C10H7.SH; the a -form is liquid 
and boils at 286®. The jS-variety melts at 81® and boils at 286® 
(B, 22 , 821 ; 23 , R. 327). Phenyl-j3-naphthyl sulphide, melting at 51® 
(B. 24 , 2266), is formed when the lead salt (CioH7-j3-S)2Pb is heated, 
together with bromo-benzene. Different dinaphthyl sulphides have 
been prepared by heating the naphthyl - lead mercaptides. Other 
methods have been employed in making them (B. 26 , 2816). Sulphur 
chloride and jS-naphthol yield dioxy-dinaphthyl sulphide S(CioHe.OH) 2 , 
melting at 21 1®. This can be readily oxidised to a dehydro-com'poujxd 



Naphthalene disulphydrates CioHe(SH)2 ; see B. 25 , 2735. 


10. Quinones. — On the basis of the diketone formula for the 
quinones, six different naphtho-quinones are theoretically conceivable, 
comprising three single-nucleus quinones, corresponding to the benzo- 
quinones, and three double-nucleus quinones ; 

\i fr t i 4“ if 

b 6 

a>Napbtbo* /5-Napbtbo- a, 3-Napbtbo- x, 5-Naphlbo- Ampbi-oaphtbo- x, 7-Napbtbo- 

quiaone quuione quioone quiooae quinone qumoae. 

Out of these, only the i, 4-(a)-, the i, 2-(j3)- and the 2, 6-(amphi-) 
naphtho-quinone, and a derivative of the 2, 3-naphtho-quinone, have 
hitherto been prepared. 

a-Naphtho-quinone 0=[i]C,oHe[4]=0, melting at 125®, crystallises 
from alcohol in yellow plates, subliming under 100®. It possesses the 
usual quinone odour, and is very volatile in a current of steam. It is 
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formed (i) by oxidisi^ naphthalene in glacial acetic acid solution with 
chromic acid ; (2) in the oxidation of i, 4-diamido- or i, 4-dioxy- 
naphthalene, i, 4-amido-naphthol (A. 286, 70), a-naphthylamine, etc., 
with sodium bichromate and sulphuric acid (B. 20, 2283) ; and (3) when 
benzene-azo-naphthol is treated in the cold with PbO, and sulphuric 
add it is decomposed into diazo-benzene sulphate and a-naphtho- 
quinone (B. 24, R. 733). 

Nitric add oxidises o-naphtho-quinone to phthalic acid, while 
a-hydro-naphtho-quinone is produced in its reduction. See the 
nitrogen-quinone derivatives for its phenyl-hydrazin and hydroxyl- 
amine derivatives. 

Substituted a-Naphihchquinones, — a-Naphtho-quinone takes up two 
atoms of chlorine or bromine ; the addition products readily part with 
hydrochloric and hydrobromic adds and become jS-chloro- and jS-bromo- 
a-naphtho-quinones, melting at 117** and 130^’. 2, 8-Dichloro- and 
2, 3-dibromo-naphtho-quinone, m.p. 189'’ and 218'’. 

In these halogen quinones, as in the a)8-dihalogen indones, the 
halogen atoms are easily replaced by other groups. Thus, from the 
dihalogen-a-naphtho-quinones we obtain with sodium-aceto-acetic 
ester and sodium-malonic ester, with intermediate beautiful red and 
blue colorations, such compounds as 

< CQ CBr 

n jy \ • ® l^forao-a-naphtho-quinone-malonic ester. 

CO — C.CH[(CO,Cf 

n» P- 98*. a-napbtho-quinone-dimalonic ester. 

C.H4SISh(COCH,)CO.C.H.- “ P- chloro-a-naphtho-quinone-aceto- 

acetic ester. 


From these compounds many derivatives of the naphtho-quinone 
series can be obtained by further transformations (B. 33, 566, 2402 ; 
34» 1543)- Condensation of 2, 3-dichloro-a-naphtho-quinone with 

rc sorcin or orcin and sodium ethylate produces derivatives of phenylene- 
naphthylene oxide q)>C,H,OH, which are closely related 

to some decomposition products of brasilin, the so-called brasanes 
(B. 32 , 924; 41,2373). . . . j. , ,, 

Hvpochlorous acid converts a-naphtho-quinone into atkew-tetra- 

,CO— CH. 

hydro-naphthyUne oxide t)reakmg down 

of the ethylene-oxide union, readily takes up the elements of water, 
hydrogen chloride, and NHjC^H,. The primary addition products 
sustain the most varied transpositions with great readiness, and form : 
oxy-naphtho-quinone, chloroxy-naphtho-quinone, anilido-oxy-naphtho- 
quinone, oxy-naphiho-quinone-anile, and other bodies ; cp. B. 25, 3599- 
Amido-derivatives. — Alkyl- or aryl-amido-naphtho-quinones are 
produced on heating primary amines together with a-naphtho-quinone : 
2 -anlUdo-o-iiaphtho-qiilnone C,oH,0,[2]NH.C,H, consists of red 
needles, melting at 191®. 2-Anildo-o-naphtho-quinone, inelting at 203 , 
is formed together with the isomeric oxy-o-naphtho-quinone-imide on 
boiling amido-a-naphtho-quinone-imide with water (B. 27, 3337 ; 

B. 28 , 348). 
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Oxy-naphtho-quinones 8*Oxy*a^]IEphth(H|llIiion09 naphthalic acid 
C,qH502[2]0H, melting at 188°, is produced when anilido-naphtho- 
quinone (see above) is boiled with dilute sodium hydroxide or oxy- 
naphtho-quinone-amle with alcohol and sulphuric acid. ^-Phenyl- 
jSx-oxy-a-naphtho-qainone, melting at 147®, is prepared from j 3 -phenyl- 

I, 3 -dioxy-naphthalene by oxidising it in alkaline solution with air 
(A. 296 , 18) . lodo-oxy-naphtho-quinone, iodo-naphthalic acid CioH402[2] 
OH [3] I, results from the iodation of naphthalic acid (B. 28 , 348). Dyes 
of the paroxazine and paradiazine series are easily made from the 
o-oxy- and o-amido-naphtho-quinone derivatives (cp. also the cor- 
responding naphtho-quinone-aniles and o-diamines) (B. 28 , 353). 

S-Oxy-a-naphtho^oinone, juglone, consists of yellow needles, melt- 
ing with decomposition about I50°-I55®. The best method to obtain 
it consists in oxidising a-hydro-juglone with ferric chloride. It may 
be synthetically prepared by oxidising (i, 5)-dioxy-naphthalene with 
chromic acid (B. 20 , 934). It dissolves in alkalies with a violet colour. 
Nitric acid converts it into dinitro-oxy-phthalic acid {juglonic acid) 
(B. 19 , 164). 

Oxy-]uglone, dioxy-a-naphtho-quinone, melting with decomposition 
at 220°, is produced by the oxidation of the alkaline solution of juglone 
on exposure to the air. An isomeric 5 , 6-dioxy-a-tiaphtho-quinone, 
naphihalizarin or naphthazarln, is formed on heating various a-dinitro- 
naphthalenes with concentrated sulphuric acid in the presence of 
reducing agents (B. 27 , 3462, R. 959 ; A. 286 , 26). It corresponds to 
alizarine, which may be imagined to have arisen from naphthazarin 
by the addition of a benzene nucleus. It is a valuable mordant dye. 

Oxidation with MnOa and sulphuric acid yields the naphthazarin 
called naphtho-purpurln, 5, 7, 8-trioxy-a-naphtho-quinone (C. 1899, 

II. 1053). 

Iso-naphthazarin is probably a 2, 3-dioxy-a-naphtho-qalnone. It 
is produced from )3-naphtho-quinone by the action of a little bleaching- 
lime as well as when 2, 3-oxy-anilido-a-naphtho-quinone (see above) is 
heated with bromine (B. 25 , 409, 3606). 

Iso-naphthazarin, on reduction, gives tetra- and trioxy-naphthalene, 
and, on oxidation, tetra-keto-naphthalene C4H4(CO)4, which partly 
regenerates iso-naphthazarin, and phenyl-glyoxal-o-carboxylic acid, 
with hydroxylamine or dioxime, m.p. 228°, which, on oxidation, yields 
dinit roso-a-naphtho-quinone C4H4[C402(N0)2](A. 307 , i). Closely 
related to iso-naphthazarin is carminazarin, from oxidation of carminic 
acid. On 6, 7-DIoxy-a-naphtho-qulnone, see C. 1902, II. 744. 

jS-Naptatho-quinone CioHe[i, 2]02 is produced on oxidising j8-amido- 
a-naphthol with ferric chloride (B. 17 , R. 531 ; 21 , 3472). It consists 
of red needles, which decompose at 115^-120®. It is distinguished 
from the para-quinones by being odourless and non-volatile. It closely 
resembles anthraquinone, and especially phenanthraquinone ; like the 

latter, it must be considered an ortho-diketone C,H4<^ 

Like a-naphtho-quinone, it can add two atoms of chlorine and 
bromine, and by the dimination of halogen hydrides ehloro- and bromo- 
jS-naphtho-quinones are formed. 

8, 4 -Diohloro- and dibromo-jS-naphtho-quinone, m.p. 91® and 173® ; 
iS-naphtho-quinone-maloiilo ester CeH4[C402H.CH(C00R)2], m.p. 108®. 

VOL. II. 2 X 
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S-CUoro-jS-naphtho-qiilnone-aeeto^^ ester, m.p. 175^, see B. 82 , 
264, 2412. 

A little bleaching-lime converts )8-naphtho-quinone into iso- 
naphthazarin (together with various other products, A. 286 , 59). This 
is a dioxy-a-naphtho-quinone. Such a rearrangement of 4-oxy- or 
4-amido-)3-naphtho>quinone derivatives into oxy-a-naphtho-quinone 
compounds is a phenomenon that has been frequently observed (cp. 
oxy-tt-naphtho-quinone-anile). An excess of bleaching-lime will 
pr^uce a rupture in the ring of j9-naphtho-quinone and convert it 
into the lactone of o-carboxyphenylglyceric acid. 

Similarly, S-nitro-1, 2-naphtha-qiiInone, melting at 158°, and 
obtained by the nitration of j 3 -naphtho-quinone, is changed, on treating 
it with chlorine and water, into o-di-derivatives of benzene. 

8, 4-Dichloro-l, 2-naphtho-quinone, on the contrary, is first 
rearranged by alkalies into dichlor-indene-oxy- carboxylic acid. 
Potassium permanganate oxidises j8-naphtho-quinone to phthalic 
acid, while sulphurous acid reduces it to jS-naphtho-hydroquinone, 
and hydriodic acid to jS-naphthol (B. 26 , R. 586). 

6-Bromo-4-chloro-l-methyl-2, 3-naphtho-quinone CioH3[6]Br[4]Cl 
[i]CH5[2, sJOj. yellow prisms, decomposing at 220°, has been obtained 
from the lead salt of the corresponding 2, 3-diox3^-naphthalene by the 
action of iodine. It is odourless and non-volatile. Zinc dust and 
glacial acetic acid partly reduce it to the corresponding dioxy-naphthal- 
ene. With o-phenylene-diamine it combines like the ortho-diketones 
to form a derivative of naphtho-phenazene (B. 42, 3375). 

2, 6 - (amphi-) Naphtho - quinone CioHe[2, bjOg, reddish - yellow 
crystals, decomposed at I30°-I35°, is formed by the oxidation of 
2, 6-dioxy-naphthalene with PbOg in benzene solution. It is odourless 
and nr>n-volatile, and distinguished by its strong oxidising action. 
Dilute HI reduces it to 2, 6-dioxy-naphthalene, with which it unites 
molecularly to a blue green quin-hydrone, decomposing at 124°. More 
stable than amphi-naphtho-quinone itself is its dichloro-substitution 
product, 1, 5-dfchloro-amphi-naphtho-quinone, m.p. 206'', obtained 
similarly from i, 5-dichloro-2, 6-diuxy-naphthalene (B. 40 , 1406, 3971). 


Nitrogen Derivatives of the Naphtho-quinones, 

I. Naphtho -quinone - phenyl - hydrazones, — Unlike the benzene 
quinone, both the a- and ^-naphtho-quinones unite with phenyl- 
hydrazin and form phenyl-hydrazones (B. 28 , 2414). The quinonc- 
phenyl-hydrazones are identical with the benzol-azo-naphthols (B. 32 , 
3100). The results of the action of unsym. acyl-phcnyl-hydrazins 
upon j5-naphtho-quinone must probably be regarded as 0-acylated azo- 
naphthols (B. 40 , 2153 ; A. 859 , 353). On the other hand, a-naphtho- 
quinone with unsym. benzoyl- and methyl-phenyl-hydrazin have 

yielded products and 


differing from those obtained by methylating and benzoylating i, 4- 
naphthol-azo-benzol and (C. 1900. 

I. 31)- 

2. Nitroso-napMhols or Naphtho-quinoximes . — These are produced 
when the alcoholic solutions of the a- and j3-naphtho-quinones aie 
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boiled with hydroxylamine hydrochloride, and by the action of nitrous 
acid upon the naphthols ; hence they can be regarded as nitroso- 
naphthols C,oHj{ 0 )(NOH) or C,oH,(OH)(NO) (cp. nitroso-phenols, 
p. 198). Three isomeric bodies are formed ; their relation is expressed 
by the following diagram : 


N,0. 


O O 

*1 r NH,OH 

O fJOH 

a-Naphtho- a-Naphthoquinone- 
quinone oxime 

a*Nitrosoa*napbthol 

O O 

-\l° — .iKsi — 

J L NH,OH I N.O. 

i5-Naphtho- /J-Naphthoquinone- 
quinone /3-oxime 

/5-Nitroso-a-naphthol 


OH 


-OH 


II 

a-Naphthol /?-Naphthol 


NOH 



fl-Nitroso- 

^-naphthol 

^-Naphtho- 

quinone- 

a-oxime. 


The three isomerides are weak acids Oxidation converts them into 
the corresponding nitro-naphthoJs. 

a-Nitroso-a-naphthol, a-naphtho-qulnone-oxime, melting at igo"", 
and j 3 -nitroso-a-naphthol; jS-naphtbo-quinone-jS-oxime, melting at isz"", 
are colourless compounds. /S-Naphtho-quinone-oxime is best made 
from i-oxy-2-naphthoic acid with nitrous acid, when the carboxyl 
group is split off (B. 26 , 1280). a-NItroso-jS-naphthol, p-naphtho- 
quinone-a-oxime, consisting of yellow-brown prisms, melting at 106°, 
precipitates different metals from their salts, and may be used to 
separate nickel from cobalt, iron from aluminium, and for the deter- 
mination of copper (B, 18, 2728 : 20,283). Naphthol green (B. 24 , 3741), 
a wool dye, is the iron salt of a-nitroso-^-Daphthol-suIphonic acid 
C,oH 5(S03H)0(NOH), obtained by the action of nitrous acid upon 
Schaeffer’s j8-naphtliol-sulphonic acid. Consult B. 80 , 187. for the 
product obtained in the action of NOj vapours upon Schaeffer’s ) 3 -acid. 

The ethers of the nitroso-naphthols, derived from the silver salts 
with methyl iodide and partly from the quinones with alkyl-hydroxyl- 
amines, are reduced to amido-naphthols by tin chloride (B. 18 , 715, 
2225), a proof of the oxime formula ” of the mtroso-naphthols. 

a-Napbtho-quinone-dioxime c,oH,-i, 4-^^ is formed from a 


nitroso-a-naphthol with hydroxylamine hydrochloride. It melts at 
207° (B. 21 , 433). 

/ 3 -Naphtho-qniDone-dioxime c„h,-i, 2 ■"\N. Qjj IS derived from 


)3-nitroso-a-naphthol and from a-nitroso-) 3 -naphthol by the action of 
hydroxylamine hydrochloride (B. 17 , 2064, 2582). It melts at 149°. 

After the manner of the glyoximes it forms the anhydride c j,H, ^ 

melting at 78®, when digested with alkalies. This compound may also 
be designated naphtho-furazane. The reduction of the dioximes gives 
rise to naphthylene-diamine. 

3. Naphtho-quinone Chloritnides . — These are made from amido- 
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naphthols, and the dichlorimides from the naphthylene diamines with 
a bleaching-lime solution (B. 27 , 238). They resemble the benzo* 
quinone chlorimides, but do not exhibit the same dyestuff condensa* 
tions as the former (B. 27 , 242). 

a-Naphtho>4Uinone-ehlorimlde C,oH«[i, 4](NC1)0 melts at 109°. 
a-Naphtho-quinone-diehlorimlde, CioH,[i, 4] (NCI) ^ melts at 137°. 
jS-Naphtho-quinone-a-ehlorimide, melting at 87°, and j3-naphtho- 
qulnone-jS-chlorimide, decomposing at 98°, are derived from 2, i- and 

1, 2 -amido-naphthols ; they yield ) 3 , a- and a, j 3 -nitroso-naphthols 
with hydroxylamine. )3-Maphtho*quinone-dichlorimide melts at 105°. 

4. Naphtho-quinone-imines and Aniles. — The indo-phenol and indo- 
aniline dyes of the naphthalene series belong to this group — e.g. 
a-naphtbol blue or indo-phenol CioH,[i]0[4]N.C,H|N(CHj)j— which 
results when naphthol interacts with dimethyl-p-phenylene-diamine or 
nitroso-dimethyl-aniline. TTie simple a-naphtho-quinone-imide is not 
knorvn. 2-Amido-l, 4-naphtho-qainone-imine, di-imido-naphihol C]oH( 
[2]NHg[i]0[4]NH (A. 154, 303) is produced in the oxidation of i-oxy- 

2, 4-diamido-naphthalene. Boiling water changes di-imido-naphthol 
to 2-oxy-l, 4-naphtho-qainone-imine, melting at 195° (B. 28, 2454) ; 
aniline to 2-amido-l, 4-naphtho-quinone-anlle C,oH5[2]NHC,Hg[i]0[4] 
NCgHj, melting at 187® (B. 13, 123 ; 21, 391, 676) ; and further to 
2-anilido-l, 4-naphtho-^ainone-anile (C. 1910, I. 926) ; with hydroxyl- 
amine an oxy-naphtho-quinone-oxime, which consists of two modifica- 
tions, red and yellow, which can be changed one into the other (B. 
29, 1415). 

a-Naphtho-qninone-anile CioH*[i]0[4]NC,Hj, red columns, m.p. 
100°, and /3-naphtho-qainone-anile C,oH,[i] 0[2]NC,H5, m.p. 103®. 
dark-green needles, are formed by alkaline condensation of nitroso- 
benzol with a- and jS-naphthol respectively (B. 39 , 1035). 

2-Oxy-l, 4-naphtho-quinone-anile, melting at 240® with decom- 
position, is produced by the action of aniline in the cold upon j 3 -naphtho- 
quinone-4-sulphonic acid, the oxidation product of i, 2-amido-naphthol- 
4-sulphonic acid. This is an instance of the rearrangement of a jS- into 
an a-naphtho-quinone derivative The p-diamines react in a manner 
similar to aniline, so that in this way hydroxyl-indaniline dyes (see 
above) can be obtained (B. 27, 25, 3050). 

rr-Naphtho-quInone-phenyl-di-imide CioHe(NH)(NQH5), melting at 
129®, is formed upon oxidising p-amido-naphthyl-phenyl-amine with 
mercuric oxide (A. 286, 186). 

jS-Naphtho-quinone-imides, also called imido-oxy- or imido-ketone 
naphthalenes, e.g. CioH*-!, 2-0(NH), are produced when the alkaline 
solutions of I, 2-amido-naphthols are oxidised with air. 


II. Alcohols of the Naphthalene Series and their 
Oxidation Pi<oducts. 

A. Alcohols . — Napbtbo-benzyl alcohols, naphthyUcarbinols C„H,. 
CHj.OH, the a- melting at 6o and boiling at 301®, and the ^ melting 
at ^®, result when their amines are treated with nitrous acid (B. 21, 
257). The naphtho-benzyl chlorides CioHtCHjCI, the a- boiling at 178® 
(25 mm.) and the melting at 47®, are formed when chlorine acts upon 
the two methyl-naphthalenes at a boiling temperature (B. 24, 3928). 
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Naphtho-benzyl-amines menaphthylramines C10H7.CH2.NH1, the a- 
boiling at 292® and the jS- melting at 60®, have been made by the 
reduction of the corresponding naphthoic acid thiamides, as well as of 
the naphtho-nitriles. 

a- and jS-Naphthyl-nitro-methane C10H7.CH2NO2, m.p. 73® and 72®, 
show isomeric phenomena similar to those of phthalyl-nitro-methane. 
They have been obtained from the naphthyl-aceto-nitriles by the action 
of ethyl nitrate and sodium ethylate and splitting up of the resulting 
nitro-aceto-nitriles by boiling with soda (B. 38 , 508). 

a-Naphthyl-dimethyl-carbinol C,oH7[a]C(OH)(CH8)2, m.p. 80®, from 
a-naphthyl-methyl-ketone with CHaMgl, and from a-naphthyl-mag- 
nesium bromide and acetone. a-Naphthyl-phenyl-carbinol C10H7CH 
(OH)CeH5, m.p. 86®, and a-naphthyl-diphenyl-carbinol CioH7C(OH) 
(CoH 5)2, m.p. 133®, from a-naphthyl-magnesium bromide, with benzalde- 
hyde and benzo-phenone respectively (B. 87 , 625, 2755). Other 
naphthyl-carbinols, see C. 1910, I. 1144. 

B Aldehydes, Ketones, — ^When the naphthyl-methyl alcohols are 
oxidised, the products are : 

a-Naphthaldehyde C10H7.CHO, boiling at 291®, and j 3 -naphthalde- 
hyde, melting at 59® (B. 20 , 1115 ; 22 , 2148 ; 44 , 447). a-Naphthyl- 
acetaldehyde C10H7.CH2.CHO, b.p.13 i63®-i66®, from a-vinyl-naphtha- 
lene with HgO and I (C. 1908, II. 1780). 

a- and ^-Naphtbyl-methyl-acetaldehyde CioH7CH(CH3)CHO, b.p.4 
132® and m.p. 53®, by condensation of a- and j 3 -naphthyl-methyl-ketone 
with chloro-acetic ester and sodium ethylate, the resulting glycide esters 
being saponified with loss of CO^ (C. 1908, I. 644). The a-compound 
has also been obtained by the action of HgO and I upon a-propenyl- 
naphthalene (C. 1908, II. 1780). 

a-Naphthyl-methyl-ketone, aceto-naphtlione C10H7.CO.CH3 is derived 
from naphthalene and acetyl chloride by means of aluminium chloride. 
It melts at 34° and boils at about 295®. Its chloride splits off hydrogen 
chloride and becomes a-naphthyl-acetylene C10H7.C : CH. Potassium 
permanganate oxidises the ketone to a-naphthyl-glyoxylic acid CioH, 
CO.COOH, melting at 113°, which is also formed by the saponification 
ol naphthol cyanide obtained from a-naphthoyl chloride. 

a-Naphthoyl-o-benzoic acid C,oH,COC,H4COOH, m.p. 173°, from 
phthalic anhydride, naphthalene, and AlClj, (B. 33 , 448). The action 
of Na amide and alkylene iodide produces trialkyl-aceto-naphthones, 
corresponding to aceto-phenones (C. 1910, II. 83). Other acyl- 
naphthyl-ketones, see C. 1908, II. 948. Phenyl-naphthyl-ketones 
CioH^COC.Hj, see C. 1908, II. 1357. 

1, 4 - and 2, l-Naphthol-aldehydeC,oH,(OH)CHO, m.p. 181'’ and 8i“, 
are best obtained by Gattermann’s method in the form of aldimines 
(B. 32 , 284 ; C. 1901, I. 1010). 1 , 2 -naphthol-aldehyde, m.p. 59“, has 
been obtained by the condensation of a-naphthol with isatin chloride 
(M. 29 , 382 ; 30 , 277). From naphthol-sulphonic acids, naphthol- 
aldehyde-sulphonic acids are obtained by Reimer’s aldehyde synthesis 
(C. 1898, II. 799). 

l-Naphthol- 3 -methyl-ketone CioH,[i](OH)[3](CO.CH,), melting at 
174°, is formed from / 3 -benzal-laevulinic acid by condensation (B. 24 , 
3201). See B. 28 , 1946, for 1, 2-naphthol-methyl-ketone. 

Perl-diozy-napht^l-ketones (HO)a[i, 8]CxoH,COR, from peri-dioxy- 
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naphthalene with carboxylic acids, and zinc chloride, are lac-forming 
mordant dyes (C. 1901, 11. 1287). 

C. Naphihalene-monocarboxylic Acids, — a-Naphthoio acid CioH^-a- 
COjHp melting at 160°, is derived from a-naphtho-nitrile by saponifica- 
tion (B. 20, 242 ; 21, R. 834) ; by fusing a-naphthalene-sulphonic acid 
with sodium formate ; by the action of sodium on a mixture of a- 
bromo-naphthalene and chloro-carbonic ester ; and from naphthalene, 
urea chloride, and aluminium chloride (B. 28, 1190). j3-Naphthoic acid, 
melting at 182®, is formed from jS-naphtho-nitrile (B. 24, R. 725), as 
well as by the oxidation of jS-alkyl-naphthalenes (B. 17, 1527 ; 21, 
R. 355). Both acids are decomposed when heated with baryta into 
CO, and naphthalene. 

Homologous Naphthalene-carboxylic Acids, — a-Naphthyl-acetlc acid 
CjoH^-a-CHj.COOH, melting at 131®, has been made by the reduction 
of a-naphthyl-glyoxylic acid, while the fi-acid, melting at 139®, has been 
prepared by means of the cyanide from )5-naphtho-benzyl chloride 
(B. 29, 2373). 

a- and j3-Naphthyl-acryllc acids C10H7.CH : CHCOOH, m.p. 205® and 
196° respectively, are found by Perkin’s sjmthesis from the naphth- 
aldehydes with Na acetate and acetic anhydride. With Na propionate, 
propenyl-naphthalene is mostly obtained, with loss of CO, (C. 1897, 

rCH : CH 

II. 800). a- and jS-Naphtho-cumarln CioHJ i , m.p. 141° and 

(o — CO 

118®, and their alkylated derivatives, have been obtained by the general 
cumarin methods from malic acid, aceto-acetic ester, etc. with H2SO4, 
and from the naphthaldehydes by Perkin’s synthesis (B. 36, 1966 ; 87, 
4484 ; M. 30, 280). 

/S-Phenyl- and j3-naphthyI-a-naphtholc acids are the chrysenic and 
picenic acids (see Chrysene and Picene). 

Substituted Naphthoic Acids, — The nitration of a-naphthoic acid 
produces 1,5- and 1, 8-nltro-naptatholc acids, melting at 239® and 
275® respectively. Boiling nitric acid converts them into i, 5-(a)- 
and I, 8-(j3-) dinitro-naphthalenc. 1, 4-Nltro-naphthoic acid, melting 
at 220®, results upon saponifying the nitrile, which is formed 
on treating the diazo-derivative of i, 4-nitro-naphthyl-amine with 
potabSium cuprous cyanide. 

Ferrous sulphate and ammonia reduce the i, 5-acid to a stable 
amldo-naphtholc acid (1, 6)-, melting at 212® (B. 19, 1981), whereas the 
same reagents reduce the i, 8-acid to (1,8)- or peri-amido-naphtholc 
acid, w^hich, when free, passes like the i, 8-anjdo-sulphonic acids quite 

readily into its inner anhydride, naphtho-styril 

at 179° (B. 19, 1131). 1, 4-Amldo-napbthoic acid melts at 177° (B. 
28, 1842). 

See B. 24, R. 637, for the nltro-jS-naphthole acids. 2, 3-Amldo* 
naphthoic acid, melting at 214°, results upon treating the corresponding 
oxy-naphthoic acid with ammonia (B. 28, 3089). Further nitro- and 
amido>naphthoic acids, see C. 1899, 1. 288. 1, ^ and 1, 4“Dlainldo-/3- 


naphthoie adds, m.p. 85° and 185**, decompose into CO, and i, 3- or 
1, 4-4iaphthyleae-diamine. Their esters have been obtained by nuclear 
synthesis (C. 1907, II. 68, 539). 

Oxy-naphttme adds, naphthol-carboxylic acids, containing the OH- 
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and COOH -groups in the ortho-position, are prepared like the ortho- 
phenol-carboxylic acids — i.e. by heating the sodium naphtholates with 
CO2 under pressure. 

l,2-(a-) Naphthol-carboxylie aeid C,oHe[i](OH)[2](COOH), melting 
at 186®, is formed from a-naphthoJ and from ) 3 -naphthol-sodium with 
carbon dioxide and pressure at i20°-i45® ; 2 , l-(j3)-naphthol-carboxylic 
acid, melting with decomposition at 156®, is similarly produced ; while 
if ) 3 -naphthol-sodium be heated more strongly, 200®-250®, in a current 
of carbon dioxide, the product will be 2, ^-naphthol-carboxylie acid, 
melting at 216®. The 2, i-(j 3 )-naphthol-carboxylic acid is distinguished 
by the easy mobility of its carboxyl group. Heated alone, or when 
boiled with water, it changes to j 3 -naphthol ; nitrous acid converts it 
into a-nitroso-j 3 -naphthol, and diazo-benzene salts into benzene-azo-jS- 
naphthol, etc. The 2, 3-acid, on the other hand, is very stable, and 
resembles salicylic acid. Because of its striking and remarkable yellow 

/CH,~CO 

colour the formula of a kelo-dihydro-naphthoic acid CeH 4 < 1 

\CH =C.COOH 

has been proposed for this acid. The behaviour of the acid toward 
phenyl-hydrazin supports this view : it is very probable that at first 
a hydrazin is produced, which subsequently, owing to indol condensa- 
tion, forms a pheno-naphtho-carbazol-carboxylic acid (B. 29, 265 ; cp. 
also M. 81 , 917). With thionyl chloride, a- and jS-naphthol-carboxylic 
acids yield the corresponding chlorides (C. 1901, II. 1119). The 2, 3- 
naphthol-carboxylic acid with PCI5 gives colourless 2-ehloro-3-naphthoi6 
acid chloride, m.p. 56®, b.p.ieo 248° (B. 34, 4158). 

From I, 2-naphthoic acid chloride and acetyl-2, 3-naphthoic acid 
chloi ule, transposition with sodium-malonic ester yields /3-oxy- 1, 2- and 

2, 8-naphtbo-cumarin-naphtho-tetronic «ld m.p. 

258® and 240® (A. 387, 253 ; 368, 43). 

Naphtho-xanthones (B. 25 , 1642) are produced 

when the three o-naphthol-carboxylic acids are heated with acetic 
anhydride. 

(1. 8)- or perl-naphthol-carboxylic acid is derived from (i, 8)-amido- 
naph&oic acid by means of the diazo-compound. It breaks down into 

water and its y-lactone melting at 169®. 

2, 3-Oxy-naphthoic acid and diazo-benzene chloride yields a mixed 
azo-compound. Reduction converts this into 1, 2, 3-ainido-oxy- 
naphthoie acid, which, on boiling with sulphuric acid, becomes 1, 2, 3- 
dioxy-naphthoic aeid. This can also be obtained from /S-naphtho- 
hydroquinone and carbon dioxide, and by oxidation it is changed to 
j3-napbtho-qulnone>carboxylic aeid (B. 28, 3089). From sodium a- 
naphtho-hydroquinone and CO, we obtain 1, 4Hlioxy-2-naphthoic acid, 
m.p. 186® with decomposition, and also a condensation product of the 
anthracene series (/. pr. Ch. 2, 62, 47). 1, 8-Dioxy-2-iiaplithoio acid, 
tMpfUho-resorcin-carboi^lic acid, m.p. 145® with decomposition, has been 
obtained by saponifying its ethyl ester, m.p. 83°, formed synthetically 
by the action of concentrated HjSO, upon phenyl-acetyl-malonic ester 
(A. 298 , 383). For other dioxy-naphthoic acids, see B. 29, 39. 

D. Naphthalme-di- and poly-carboxylic Adds. — Six of these acids 
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are known. It is remarkable that the i, 8- or peri-acid, so-called 
naphtballo aeld CioH(i[ii 8](COOH)||, is produced by the oxidation of 
acenaphthene and also from its semi-niirile, which is made by saponify- 
ing the diazo-derivative of peri-amido-naphthoic acid. The follow- 
ing dis^am represents the relations of a series of peri^naphihalene 
derivatives : 



NOg NO- 

AA _ 

NO. COOH 

AA 


NH, COOH 

AA 

\/\/ 

Pen diDitro 
naphtbaleoe 

OH COOH 

AA 
— 1 1 1 

\/\/ 
Peri-nitro-Daph- 
thoic aad 

COOH COOH 

AA 

1 1 1 „ 

CHg-CH, 

-lAi 


III 

\/\/ 

T 

\/\/ 

Pen -ami do- 
xiaphthoic 
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Pen aaphthol- 
carboxylic 
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NapbtbaUc 

acid 

Acenaphtbeoe. 


Just as in the case of other peri-derivatives, so here naphthalic 
acid when heated to i8o® breaks down without melting into water and 
its anhydride CioHe(CO),0, melting at 266°, which also forms easily on 
treating the acid with alcoholic HCl, and in many other processes. Like 
phthalic anhydride, it condenses with phenol to phenoUnaphihaleln 
C(C H OHi 

* (B. 28 , R. 621) ; with malonic add ester and 

ZnCl, to peri-naphtbo-indandione ^«****^[8jco^**» ^^ 33 )- 

Naphthal-imide C,oH,(CO),NH, tn.p. 300°, when treated with sodium 
hypochlorite gives naphtho-styrile (B. 43 440). Cp. B. 28 , 360 ; 32 , 
3283; C. 1902, 11 . 898; A. 327 , 77 for naphthal-imide, -anile, and 
-phenyl-bydrazile. 1 , 2 -NaphthaleDe-dlcarboxyUe aeld, obtained by the 
saponification of its nitrile, melts at 175° and passes into its anhydride, 
melting at 105° (B. 25 , 2475). 1 , b-Mapbthalene-dlearboxylle aeld, B. 
29 , R. 516. 

l-Pbenyl>napbtbalene- 2 , 3 -dlcarboxyIie aeld 

is formed as an anhydride, m.p. 255®, in a reaction recalling the forma- 
tion of benzene rings from acetylenes, on heating phenyl-propiolic acid 
CgHjC : CCOOH with acetic anhydride and on illuminating a benzene 
solution of dibenzal-succinic anhydride. By the action of concentrated 
H2SO4 the colourless anhydride passes into aUo-ehryso-keto-oarbozyllo 
aeU, m.p. 288®, in claret-coloured needles, which, on fusing with alkali, 
yields an isomeric l-phenyl-naphthalene^carboxyllc aeldp m.p. 288® 
(B. 40 , 3372, 3839 ; C. 1908, II. 1357) : 

r H C„H.\COOH C„H.COOH 

C,H4 /CO C,H«COOH 

Mapbthalene-tetraaarboxylie aeld C,,H4[x, 4, 5, 8](CO,H)«, with the 
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carboxyl groups in the two peri-positions of naphthalene, results when 
pyrenic acid is oxidised (B. 20 , 365). 

Naphtho-nitriles, Cyano-naphlhalenes. — Naphtho-nitriles may be 
obtained by the distillation of the alkali salts of the naphthalene- 
disulphonic acids, or the phosphoric esters of the naphthols with . 
potassium cyanide or yellow prussiate of potash (B. 21 , E. 834), or from 
the naphthylamines by means of the diazo-compounds. 

a-Naptatho-nitrile, a-eyano-naphthalene C10H7.CN, melting at 37® 
and boiling at 298®, has also been prepared from formo-naphthalide 
C,oH,.NH.COH. 

/S-Cyano-naphtbalene melts at 66® and boils at 304®. 1, 2-Dlcyano- 
naphthalene CioHe[i, 2 ]{CN) 2 , melting at 190®, is produced when i, 2- 
chloro-naphthalene-sulphonic acid is distilled with potassium ferro- 
cyanide (B. 25 , 2475). For additional isomeric dicyano-naphthalenes, 
see A. 152 , 289 ; J. 1869, 483, etc. 

.C(CN) : COH 

1, 4-Dleyano-2, 8-dioxy-naphthalene m.p. 291®, 

is formed by nuclear synthesis in the condensation of oxalic ester with 
o-xylylene cyanide. 

12. Dlnaphthyl-, Dinaphthyl-methane, and Trinaphthyl-methane 
Derivatives. — Different isomeric dinaphthyls have been made by con- 
ducting the vapours of naphthylene through bronze tubes heated 
to redness, by heating naphthalene with Al^Clg, or from bromo-naph- 
thalene and iodo-naphthiene with sodium, and by heating mercury 
dinaphthyl Hg(CioH7)2, etc. (B. 28 , R. 184). 

The aa-dinaphthyl, on heating with AlClj to 140®, joins the two 
naphthalene residues in the peri-position and yields a hydrocarbon 
consisting of five condensed benzene-rings, and called perylene 

bronze-coloured flakes, b.p. 262®-265®, the con- 

stitution of which is determined by its formation from i, 8-di-iodo- 
naphthalene on heating with copper bronze (B. 43 , 2202). The 4, 4- 
diamido-i, i-dinaphthyl or naphthidins, corresponding to the benzidins 
or 4, 4-diamldo-diphenylenes, are formed besides the 1, l-dlamido-2, 2- 
dinaphthylene or dinaphthylinene, by transformation of hydrazo- 
naphthalenes, or direct from the naphthylamines by the action of 80 
per cent, sulphuric acid, in the presence of oxidising agents such as 
ferric oxide (B. 25 , R. 949). In the same way the naphthols give 
dinaphthols with ferric chloride. On binuclear quinones of the di- 
naphthyl series, see J, pr, Ch, 2, 62 , 31 ; B. 42 , 1058. 

Dinaphthyl-methanes and their derivatives are formed by methods 
used in forming the diphenyl-methane series : a 2 - and jSs-dinaphthyl- 
methane CH2(CioH7)a. m.p. 109® and 92® ; a, j3-dlnaphthyl-methane, m.p. 
96®, see B. 44 , 449 ; oa-trinaphthyl-methane (CioH^jCH, m.p. loi®, from 
its carbinol by reduction with HI in glacial acetic acid (B. 44 , 1105). 
Trlchloro-ethylidene-aa-dlnaphthyl CCl 3 CH(CioH 7 ) 2 , m.p. 156®, on heat- 
ing with alcohol and zinc dust, is converted into aa-naphtho-stilbene 
C10H7CH : CHC10H7, m.p. 161®. The latter is closely related to picene, 
into which it is converted on superheating. jSjS-Maphtho-stilbene, m.p. 
255® (B. 88, 509). From naphthylamine, and from naphthols with 
aldehydes, we obtain, with particular ease, alk}didene-dinaphthyl- 



682 


ORGANIC CHEMISTRY 


amines (C. 1900, II. 481) and alkylidene-dinaphthols. The products 
formed from ]8-naphthol with aldehydes part with water and become 
xanihenes, hence they in all probability contain the alkylidene groups 
in the o-position with reference to the hydroxyls : ^-dlnaphthbl- 
methane^ melting at 190'’, yields, with POCI3, dtnapkiho-xanlkene 

while benzaldehyde and ^-naphthol at once form 

ms-phenyl-naphlho-xantkene CeH3CH(CioHe)0 (B. 269 3477 ; 26 , 83), 
together with an acetal. Sodium-j8-naphthol and chloroform at 150® 
produce an anhydride of trtoxy-trinaphthyl-methane HOCioH«CH 
[Ci0He]2O, m.p. 273®. which is also formed by the condensation of 
/S-naphthol and jS-naphthol-aldehyde (C. 1901, 1 . 945. 1010). 

aa- and jSjS-DInaphthyl-earbinoI (C,oH7)sCHOH, from a- and fi- 
naphthyl-magnesium bromide and formic ester ; aaa- and aajS-trl- 
naphthyl-carbinol (CioH7)3COH, m.p. 169® and 264®. The dinaphthyl- 
carbinols, but, strangely enough, not the trinaphthyl-carbinols, show 
the same mobility of the hydroxyl group as the diphenyl- and triphenyl- 
carbinol. HCl easily produces the corresponding chlorides (CioH7)| 
CHCl, from which aa- and ^j 3 -dinaphthyI-aceUc acid (C|oH7)tCHCOOH, 
m.p. 228® and 179® respectively, are obtained, with Mg and CO|. On 
treatment with zinc and HCl, the dinaphthyl-carbinols easily split off 
water and pass into aa- and pp-dtnapfUho-fluorene (B. 42 , 2377; 43 , 2824). 

Numerous dyes of the naphthyl-diphenyl, dinaphthyl-phenyl, and 
trinaphthyl series have been prepared by known methods, but are of 
no practical interest, on account of their slight solubility and high 
price (B. 37 , 1899). 

13. Acenaphthene,— Acenaphthene, or peri - ethylene - naphthylene 

Ci*hJ ' I , melting at 95® and boiling at 277®, is a peculiar deriva- 

l[S]a\ 

tive of naphthalene, which is obtained by conducting a-ethyl-naphtha- 
lene through a red-hot tube, or by the action of alcoholic potash upon 
a-bromo-ethyl-naphihalene CioH7.C2H4Br. It also occurs in coal-tar. 
Inasmuch as acenaphthene is oxidised by sodium bichromate and 
sulphuric acid to naphthalic acid, the side chain C2H4 must be arranged 
in the two peri-positions (1 and 8) of naphthalene. Acenaphthene- 
quinone CjoHeiCO)*, melting at 261®, is a by-product in this oxidatio n. 

Zinc dust and acetic acid reduce it to acenaphthenone 

melting at 121“, while hyd riodic aci d and phosphorus change it to 

blsacenaphthylldenMUone (t.H,.CO.C : )„ melting at 294°, and 
a 1 Vali<>. decompose it into naphthaldehydic acid (B. 26 , R. 7^® > 
290, 195 ; C. 1899. II. 378 ; 1909. II. 775) : 


C=C- 
C.oH/ , I 

/CO XHO .CH(OH) 

bisaoenaphthylidenedione C„H,< — or >0 

I No NrnnH Vn 




xo 

Acenaphthene- 

quinone 


XOOH 

Naphthaldehydic acid. 


Acenaphthenone 


The monoxime of acenaphthene-quinone C,,H, 0 (N 0 H), m.p. 230*, 
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is converted into naphthalimide by Beckmann’s transposition (C. 1903, 
L 881). 

By bromination, nitration, or acidulation, acenaphthene is substi- 
tuted in the 4-position, as shown by the conversion of the corresponding 
derivatives into derivatives of naphthalic acid (A. 827 , 77 ; B. 43 , 
2473 )- 

Acenaphthene-quinone easily unites in the presence of condensing 
agents like A 1 C 1 „ ZnClj, with aromatic hydrocarbons, amines, and 

< co 

C(R)i 2915)- 

< co 

C{C H ) ' 

* * * /C(OHi^C H 

also from the 9, ro-diphenyl-acenaphthene-glycol 

m.p. 156®, the product of the action of QH5MgBr upon acenaphthene- 
quinone on heating with concentrated HCl (pinacolin transposition). 
With indoxyl and thio-indoxyl (j 3 -oxy-thio-naphthene) acenaphthene- 

quinone condenses to a violet or red vat dye and 

3331 ; c. 1909, II. 775). 

When the vapour of acenaphthene is conducted over lead oxide 
heated to redness, two atoms of hydrogen split off and acenaphthylene 
XH 

CioH4<; II results. This forms yellow plates (B. 26 , 2354), melts at 

^CH 

92", and boils at 270® with decomposition. Chromic add also oxidises 
it to naphthalic acid. 

On a synthesis of substituted acenaphthylenes, see A. 369 , 157. 
On heating acenaphthene with sulphur to about 290®, we obtain 

dinaphthylene-thiophene c„H, | ^—s— c) ’’^‘3 needles, m.p. 278®, 

beside the yellow hydrocarbon : trinapbthylene-benzol, 

m.p. 387° (B. 36 , 962). By reduction with hydrogen and finely 
divided nickel we obtain from acenaphthene tetrataydro-acenaphtbene, 
b.p. 254° (C. 1901, II. 202) and decabydro-aeenapbtbene, b.p. 230®- 
234® (B. 42 , 2094). 

14. Hydro-naphthalene Derivatives. 

Hydro-naphthalene compounds attach themselves to naphthalene 
just as the hydro-aromatic benzene derivatives do to benzene. 
Naphthalene and its derivatives take up hydrogen and the halogens 
more readily than the compounds of benzene. Those naphthalene 
derivatives which have added hydrogen to one nucleus alone are 
remarkable and interesting, because they manifest in one substance 
the differences which prevail between an aromatic and a hydro-aromatic 
or alicyclic nucleus. While the non-hydrogenised nucleus of the 
respective naphthalene compounds retains the aromatic properties, the 
hydrogenised alicyclic nucleus assumes, on the contrary, the nature of 
a fatty radicle, and as a consequence the whole system acquires the 
character of an homologous benzene derivative (Bamberger, A. 257 , i). 

A. Dlhydro-naphtbalene Derivatives.— Dlhydro-napbthalene CigHu. 
melting at 15® and boiling at 212*, is formed when naphthalene is 
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reduced with sodium in a boiling ethyl-alcohol solution. The entering 
hydrogen atoms assume the i, 4-position, because the hydride yields 
o-phenylene diacetic acid when it is oxidised. It can be viewed as 
the hydrocarbon of a-naphtlio-quinone. Dihydro-naphthalene re- 
sembles tlie olefins — c.g. ethylene — in that it readily takes up two 
univalent atoms or radicles. Thus with bromine it forms a dibromide, 
with hypochlorous acid a glycol-chloro-hydrin. Tetrahydro-naphthylcne 
oxide can be easily obtained from the latter, and is capable of rearranging 
itself to 1, 2-dihydro- jS-naphthol CioHjoO, boiling at 162®- 168° (28 mm ), 
which may be oxidised to dihydro-iso-cumarin-carboxylic acid, and 
when It splits off water naphthalene is produced (A. 288 , 74) : 


/CH = i H 


CH-CH Vh,-cH 

Naphthalene Dih\ dro-oaphthaleoe 




C,H, 


(. H,— CH 
I 


Nr 


/CH,-CHOH 


/cn-cH 


0->C.HX I -►C.HA I 

H,— CH Vh-ch Vh-ch 

Trtrahvuro Dibydro-/3 Daphtbol Naphthalene, 

n^phttialeue uaide 


CH(C,H.) CH 

Phenyl-hydro-naphtbalene li , m.p. 50®, results from 

phenyl-bromo-tetrah\’dro-naphthoic acid on boiling with soda solution, 
or, better, with diethyl-aniline (A. 306 , 235). 

Naphthalene dichloride CjoHgCl^ is a yellow oil formed when 
naphthalene is treated with potassium chlorate and hydrochloric acid. 
It changes to a-chloro-naphthalene at 40°-'50®, and by the elimination 
of hydrogen chloride. 

bikydro-naphthoic Acids . — Sodium amalgam reduces the a- and 
/S-naphthoic acids, two hydiogen atoms being added to the nucleus 
already carrying the carboxyl group, and in the cold there result 
and when heat i^ applied stable, dihydro-naphthoic acids 
Cj^H^.rUgH. The former are unsaturated at /3 and y, the latter at 
a and / 9 : 

a-Stable melting at 125® , ^-stable melting at 161®. 
a-l li-tablc ,, 91'' ; /J-uiibtable ,, 104®. 


The UH'^table modification.^ pass into the stable modifications on 
bulling them with cau.'>iic soda. Potassium permanganate oxidises 
the stable a-acid to liydro-cinnaniic acid, while the unstable acid 
vie!d-> oxalic acid and phthalic acid. The dibromide of the unstable 
/S-acid, in contrast with the stable mr>dification, readily changes to a 
brominated lactone. All these facts point to the following formuhe 
for the stable a- and the unstable / 3 -acid (A. 266 , 169) : 

Ml, CH, /"CH,— CH, /CH-CH yCH — CHlir ‘ 

C.ll. I I C.H4 J -►C,h/ I I 

M'cooH/-cH Hooh COOH ^C H, C H COOH CH,-CHC0-0 

SLuL. ^ Umt.ihir (Jihydro-ZJ* 

Da, nthoic acid naphthoic acid. 

The dihydro-^-acids, when oxidised with potassium ferricyanide, 
revert again to / 3 -naphthoic acid. 

The stable a-dihydro-naphthoic acid, like other a, / 3 -unsaturated 
carboxylic acids, adds sodium-aceto-acetic ester with formation of a 
d-ketoinc acid ester, which, however, immediately discards alcohol, and 
condenses to a phenanthrene (B. 31 , 1896). 

a-PlieDyl-di^dro-/ 3 -iiapbtbolo acid C,oHy(CaIl5)COOH, m.p. 191®, 
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is obtained by condensation of dibenzyl-propionic acid by means of 
glacial acetic sulphuric acid (A. 806 , 156). 

B. Tetrahydro - naphthalene Derivatives.— Tetrahydro - naphthalene 
C,oHj 2, boiling at 206®, is formed in the reduction of naphthalene with 
sodium in amyl alcohol solution : also from ar-tetrahydro-naphthyl- 
amine by the elimination of the NH2 group ; hence the H atoms are 
only present in the one nucleus. Naphthalene tetrachloride CioHgCl4, 
melting at 182®, is produced when chlorine is conducted into a chloro- 
form solution of naphthalene. Boiling alcoholic potash changes it to 
dichloro-naphthalene. See B. 28 , R. 392, for the oxidation of naphtha- 
lene tetrachloride. Consult B. 24 , R. 713, for the chlorine addition 
products of chlorinated and sulphur-containing naphthalenes. Naphtha- 
lene tetrabromide melts at in® (C. 1897, I. 984). 

The naphthylamine and naphthol hydrides are particularly interest- 
ing. Sodium acting upon the boiling amyl alcohol solution of the 
naphthols and naphthylamines causes these bodies to add four hydrogen 
atoms each to one nucleus. If the latter carries the NHg or OH group, 
the body formed no longer possesses the character of a naphthylamine 
or a naphthol, but has that of a benzene homologue, amidated or 
bearing the OH group in the side chain. Should, however, the non- 
substituted nucleus be hydrogenised, then the products acquire the 
nature of homologous anilines or phenols. E. Bamberger, who first 
observed these relations and explained them, designated the second 
class of tetrahydro-dcrivatives as aromatic (ar-), and the first class as 
aliphatic-cyclic or ahcyclic (ac-) : 


H, 

. y* 

/\/\h 

1 11 1 • 

Ht 


1 II r* 

1 l| !„ 

«o' '1 'h. 

1 i„ 

"v ’ 


H, 

NH, Ni'NUa) 

ac Tetrahydro- 

ar-Tetrahydro- 

ar-, ac-Tetrahvdro- 

a-naphthylamine 

naphthol 

I, 5-naphthylene-diamine. 


a-Naphthylamine and a-naphthol upon reduction yield ar-tetra- 
hydro-a-naphthylamine and naphthol, while the j8-compounds form 
both the ar- and the ac-tetrahydro-derivative ; the latter predominates. 
I, 5-Naphthylene-diamine yields ac-, ar-tetrahydro-naphthylene-dia- 
mine, which, by elimination of the aromatic NHg group, forms ac-tetra- 
hydro-a-naphthylamine. 

ar-Tetrahydro-naphthylamines NHg.CgHj : (C^Hg). The a-body 
boils at 275® and the jS-form at 276®. They are feeble bases and form 
diazo- and azo-compounds. They exercise a reducing power with salts 
of the noble metals. By oxidation with potassium permanganate all 
yield adipic acid and ox^ic acid. 

Chromic acid oxidises the a-compound to ar-tetrahydro-a-naphtho- 
qulnone CgHgOg : (C4H8), melting at 55®, which in every respect re- 
sembles benzo-quinone and possesses much greater oxidising power 
than a-naphtho-quinone. ao - Tetrahydro - naphthylamines CgH4 : 
(C4H7.NH2) ; the a-body boils at 246® and the j8- at 249®. They arc 
strong bases, which absorb carbon dioxide from the air. They do not 
form diazo-derivalives. Potassium permanganate ruptures the hydro 
genised ring and produces o-cinnamo-carboxylic acid. 

From the jS-, ac-tetrahydro-naphthylamine, by means of d-bromo- 
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camphoro-sulphonic acid, an optically active dextro-rotatory modifica- 
tion has been obtained (C. 1899, II. 255 ; 1900, I. 862). 

ac-, ar-Tetrahydro-l, 5 -DaphthyleDe-d]amine NHa-CeHs .(C4H7NH2), 
melting at 77° and boiling at 261®, combines in itself both the properties 
of an aromatic and of an alicyclic amine. It contains an asymmetric 
carbon atom, and has been resolved into a dextro- and a laevo- 
modification. 

ar-Tetrahydro-a-naphthol OH.CgHj : (C 4 H 8 ), melting at 69° and 
boiling at 265°, is also derived from ar-tetrahydro-a-naphthylamine by 
means of the diazo-derivative. 

ac-Tetrahydro-^-naphthol C3H4 : (C4H4OH) is an oil, boiling at 
264^ It exhibits the character of a fatty alcohol and resembles 
similarly constituted camphor alcohols, like menthol and borneol. 

A scries of tetrahydro-naphthalenc derivatives has been obtained, 
starting with dihydro-naphthalene : Thus, phenol and the latter form 
(etrahydro-naphthyl-phenol C6H4 : (C4H7.C6H4OH), boiling at 130® (B. 
24, 179), while bromine changes it to dihydro-naphthalene dibromide 
; (C4HeBr2). Boiling potassium carbonate, or transformation 
\Mth silver acetate and subsequent saponification, converts the latter 

into tetrahydro-naphthylene glycol melting at 

135'’ (cis-form) and 118° (trans-form), which by oxidation is broken 
down into o-phenylene-diacetic acid. It is an analogue of ethylene- 
glycol. The chloro-hy drift (above) C,oH,oCl(OH), melting at 117®, with 
caustic potash yields tetrahydro-naphthylene oxide C|oH,oO, melting at 
43® and boiling at 238', which manifei>ts all the chemical properties of 
ethylene oxide (I. 298). Bases have converted the chloro-hydrin into 
a series of “ ulktnes” of which mention may be made of — 

Trimethyl - oxy - tetrahydro - naphthylene - ammonium hydroxide 
/CH CHOH 

*1 because of its intimate connection with 

CHj C li ^ (C i 13) jOH. 

choline (I, The feebler alkalies convert this oxide into the 

isomeric jS-keto-tetrahydro-naphthalene — co*’ 

18° and boiling at 138" (16 mm.), w^hich can also be prepared by 
the distillcition of o-phenylene-propion-acetic acid (B. 28, 745). It 
behaves like a fatty ketone (B, 27, 1547) with sodium bisulphite, 
phenyl-hydrazin, and hydroxylamine. a-Keto-tetrahydro-naphthalene 

is obtained by intramolecular condensation of 

y-phenyl-butyric acid chloride by means of AlClj (C. 1899, I. 792). 

The chlorine addition products of the naphtho-quinones are diketo- 
teirahydro-naphthalene derivatives. They result from the action of Cl 
upon the corresponding dioxy -naphthalenes or naphtho-quinones (A. 
300, 180 ; 334, 342) : 




C.H4/ 


/CO—CCI, p ^ /CO CCl, 

CO-CCl,' • * CCl,— Co * 


C.H.< 


CCI,— CO 
CCl,— Co' 


Diketo-tetrahydro-naphthylene oxide . melting 

at 136°, is produced by the action of bleaching-lime upon a-naphtho- 
quinone (p. 671 and A. 286 , 71). 
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The teirahydro-naphthoic acid^ are also classified into aromatic and 
alicyclic. ar-Tetrahydro-a-naphthoic acid COOH.C5H3 : (C4H8), with 
an amide melting at 182'’, is derived from its nitrile, a rearrangement 
product from ar-tetrahydro-a-naphthalene-diazo-chloride and potassio- 
copper cyanide. 

ac-Tetrahydro-naphthoic acids, the a- melting at 85° and the j 3 - at 
96°, are formed when naphthoic and dihydro-naphthoic acids are 
reduced with sodium amalgam. They resist the action of potassium 
permanganate more strongly than the dihydro-acids. In comparison 
with the latter they thus prove themselves to be saturated acids. The 
long-continued action of the oxidant finally changes them to phthalic 
and oxalic acids (A. 266 , 202). 

For the splitting up of the tetrahydro-naphthoic acids into their 
optically active components, see C. 1906, II. 962. 

ac-Phenyl-tetrahydro-jS-naphthoic acid CeH4[C4H8(CeH5)COOH] , 
m.p. 177^, results from the reduction of phenyl-bromo-tetrahydro- 
naphthoic acid, m.p. 205"*, obtained synthetically by the action of Br at 
0° upon the chloroform solution of benzyl-phenyl-iso-crotonic acid 
(A. 306 , 231). 

ac-Tetrahydro-naphthalene-dicarboxylic acid C8H4[C4H6(C02H) gj , 
molts at igg"', with the production of its anhydride, melting at 184°. 
The latter is also formed on heating potassium tetrahydro-naphthalene 
totracarboxylate, the ester of which has been synthesised from o-xyly- 
lene bromide and the sodium derivative of the dimalonic acid ester 
(B. 17 , 448), Tetrahydro-l, 5 -naphthalene-dicarboxylic acid melts at 
238° (B. 29 , R. 517)- 

C. Hexa,- octo-, deca-, and dodecahydro-naphthalenes C10H14, 
CioH|(j, CjoHig, and C10H20, boil at 200°, i85°“i90°, i73°-i8o®, and 153""- 
158"’ j espectively. They have been obtained by the action of hydriodic 
acid and phosphorus upon naphthalene (B. 16 , 796, 3032 ; A. 187 , 164). 

Decahydro-naphthalene has also been obtained by reduction with 
H and Ni at 160°. Deca-hydro-a- and -jS-naphthol CioHi70H, m.p. 62® 
and 75°, b.p.i4 109° and 112®, are easily formed by the reduction of 
a- and ^-naphthol with H and Ni , by rejection of water they yield 
tw'o isomeric octohydro-naphthalenes, b.p. 190® and 191°, by oxidation 
with CrOg the corresponding ketones CjoHjgO, m.p. 32® and b.p. 240®, 
the oximes of which are reduced by Na and alcohol to a- and jS-deca- 
bydro-napbthylamine C10H47NH2, b.p.14 97® and 112® (C. 1911, I. 318). 

III. Phenanthrene Group. 

Phenanthrene occurs, together with anthracene, in coal-tar and 
in the so-called stubb,*' a substance obtained (together with 
fluoranthene and pyrene) in the distillation of mercury ores in Idria. 
It is prepared synthetically (i) (with diphenyl, anthracene, and other 
hydrocarbons) from various benzene compounds, by conducting their 
vapours through a red-hot tube — e.g, from toluene, stilbene, diphenyl, 
and ethylene, and particularly from dibenzyl and o-ditolyl : 

C.H^.CH, C«H4 CH CeH^ CH, 

I ► I 1: I 

C.H5CH, CeH^CH C4H4.CH8 

Di benzyl Phenanthrene o-Ditolyl. 
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(2) Sodium acting on o-bromo-benzyl bromide also produces it, 
together with anthracene. 

C,H,-CH Br[i]C.H,[2]CH,Br Br[i]C,H.[2]CH,Br ^ 

J !| 

C,H*--CH Br[i]C.H4[2]CH2Br BrCH,[2]C.H4[i]Br ^ 

Phenanthrene. Anthracene. 


(3) It also appears in the condensation of cumarone with benzene 
(B. 23, 85) : 

C«H4— CH C,H4— CH 

I fi +C.H. ► 1 II 

O CH C,H4-^CH 

Cumarone Phenanthrene. 


Chrysene is similarly formed from cumarone and naphthalene, and 
amido-naphthalene (p. 654) from furfurane and aniline. 

(4) W hen the diazo-derivative of o-amido-a-phenyl-acetic acid is 
acted iijKin with copper powder, phenanthrene-carboxylic acids (B. 29, 
496) result : 

CH— CeH^ N,OH CH— 

II ► II I • 

COOH C— C.Hs COOHC — 

This reaction recalls the formation of di])henyl from benzene and 
diazo-bcnzenc, as well as that of diphenyl-ketone from the diazo- 
derivative of o-amido-benzo-phenone. 

(5) Quite analogous to the synthesis of a-naphthol from phenyl- 
iso-crotonic acid is the formation of 4-oxy-phenanthrene by heating 

?-Mpbth,|.|SO-.rotO.IC «ld 

(6) The following synthesis of phenanthrene, starting from a naphtha- 
lene derivative, is of interest : Dihydro- jS-naphthoic acid ester (i) 
condenses with aceto-acetic ester to a diketo-octohydro-phenanthrene- 
carboxyhc ester, which, on saponification and rejection of COg, yields 
octohydro-diketo-phenanthrene (2), which in turn gives phenanthrene 
by zme-dust distillation. 


(T) r.; (3) 

CU,- CH,- CCOjR ^(Hj— CHj— CH CO CH, CH -CH— C— CH =CH 

( - - (‘H C\\ CH, Co t.Hj C— CH fHl 

Pin iiaiithrcne in accordance with these methods of production must 
be viewed as a derivative of diphenyl, in which two ortho-positions of 
the two benzene rings arc joined by the group CH=CH, which there- 
fore constitutes, with the four carbon atoms of the two benzene rings, 
a third normal benzene ring : 

65 4 3 

XH=CH, XHr=CH. 

7 CH^ .C C /XH 

CH— C — CH^ 

8 / I 

HC CH 

9 10 

The oxidation oi phenanthrene leads to a similar conclusion. 
Phenanthraquinone is the first product, and by continued oxidation it 
yields diphenic acid or diphenyl-Oj-dicarboxylic acid : 


C.H4.CH C4H4.CO 

C4H4CH 

Phenanthrene Phenanthraquinone 


C.H4 CO,H 
CO,H 

Diphenic acid. 
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Since phenanthrene and its derivatives have been obtained as dis- 
integration products of the important alkaloids morphia, codein, and 
thebain, the chemistry of the phenanthrenes has, of late, been carefully 
studied. 

Phenanthrene crystallises in colourless plates, melting at 

99® and boiling at 340®. It dissolves readily in ether and benzene, 
but with more difficulty in alcohol and water. The solutions exhibit a 
blue fluorescence. 

The picrate C,4H]o-CeH2(N02)3.0H separates in yellow needles, 
melting at 144°. Consult A. 196, 34 : B. 19, 761, for a method of 
isolating phenanthrene from crude anthracene. 

Alkylated Phenanthrene ^.— and 3-methyl-phenanthrene C, 4 H 9 .CH 3 , 
m.p. 123° and 65°, result from the synthetic i- and 3-methyl-phen- 
anthrene-9-carboxylic acids by rejection of COg 9, 10-Dimethyl- 
phenanthrene C,4H8(CH3)2. m.p 139°. by reduction of 9. lo-dimethvl- 
9, lo-dioxy-dihydro-phenanthrenc with HI and phosphorus (B. 39, 
3110 ; A. 362, 250). 9, 10-Diphenyl-phenanthrene C,4H.(C6H5).2, m.p. 
235®, has been obtained by nuclear synthesis by the action of AlCljUpon 
tetraphenyl-ethylene (B. 38, 203). It is also produced by a remarkable 
atomic displacement in the reduction of benzoyl-phenyl-fluorene with 
HI and phosphoru‘=i, a reaction corresponding to the formation of 
tetraphenyl-ethylene from jS-benzo-pinacolin (B. 37, 28S7) . 


C.H4\^/C0C4H4 f C*H4\p/CH(OH)C,H4 


C.H^CCell, 

II 

Celb.C.CeH^ 


Halof^en Phenanthrenes .— the action of chlorine upon phen- 
anthrene substitution products are formed . 9, 10-dichloro- and 2, 9, 
lO-trichloro-phenanthrene Cj4HsCl2 and C,4H-ri3, m p. ibi® and 124^ 
(B. 39, 3891) ; octochloro-phenanthrene Cj4H2Cb, m.p. 270®-28o®, is 
split up on further chlorination into C^Clg and CCI4. Bromine in 
CSj solution forms an addition product, phenanthrene dibromide 
Cj4HioBr2, which splits off HBr and passes into 9-bromo-phenanthrene 
Cj4HyI3r, m.p. 63®. The latter is oxidised by chromic acid to phen- 
anthiene-quinone, and on further bromination to 4, 9-(4, 10-) dibromo- 
pbenanthrene C, 4 H 8 Br 2 . m.p. ii2®~ii3®, which on oxidation yields 
4-bromo-phenanthrene-quinone (A 321, 330 : B. 37, 3553). 

^^itro-phenanthrenes.—lihe nitration of phenanthrenes produces 
three nitro-phenanthrenes, one of which has been found to be 3 -nitro- 
phenanthrene C,4Hy[3]N02, m.p. 170®-I7i® (B. 34 , 3532). If a mixture 
of acetic anhydride and nitric acid is nitnfied in glacial acetic acid we 
obtain 9-nitro-phenanthrene, m.p ii6®-ii7®, which is also obtained 
from the product of the action of gaseous nitrous acid upon phenan- 
threne by treatment with sodium ethylate solution (B. 36 , 2508). By 
boiling with methyl-alcoholic potash the 9-nitro-phenanthrene takes 
up two molecules CH3OK and transposes into the isomeric phenan- 
thrtne-quinone-monoxime by way of phenanthrene-quinone-oxime- 
dimethyl-acctal (A. 355 , 307) : 






C NOK 
CfOCHa), 




C ; NOH 
Co 


Compare the similar transposition of 7-nitro-stilbene, of i- and 2-nitro‘ 
naphthalene, and of 9-nitro-anthracene. 
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Amido-phcnanthrencSt phenantbrylamines, have been obtained 
partly by the reduction of the nitro-phenanthrenes, partly from the 
phenanthrols by heating with ammonia salts : 2 -amldo-phenanthrene 
Ci 4 Hp(NH 2 ), m.p. 85°, 3-amido-phenanthrene, m.p. 87° ; 9-amido- 
phenanthrene, m.p. I35®-I3b", have also been obtained from the azide 
of 9-phenantiirene-carboxylic acid (A. 321, 312 ; B 34, 1461 ; 35, 

C H —GNU 

2726). 9, lO-Diamldo-phenanthrene phenanthrene- 

quinone-dioxime by reduction, gives by atmosplieric oxidation diphen- 
anthryl-azin C14HS : (B. 35 , 2738). 

Phenanthrene-sulphonic Acids. — On sulphonating phenanthrene 
we obtain 3-, 2-, and 9-phenanthrene-sulphonlc acids, C 14 H 9 .SO 3 H 
(3-sulpho-chloride, m.p, 108'', 2-suli)lK)-cliloridc, m.p. 156", q-Milplio- 
chloride, m.p. 125'"), wliose constitution has been determined by con- 
verting them into oxy- and cyano-plienanthrenes (A 321, 251 ; 369, 
104 ; 379, 79 : B. 34, 4004). 

Oxy-phenanihrencs, phenanthrols, have been obtained by fusion 
with potash from the sulphonic acids and from the phenanthryl- 
amiiies, while their ethers have also been obtained by the synthetic 
methox}! phenanthrene-9-carboxylic acids by rejection ol CO2, 
which has fixed the constitution of the five possible and known iso- 
merides : l-methoxy-phenanthrene C,4Hg-[i-](OCH3), m.p. 106®, 
2-phenanthrol Ci 4 H 0 [ 2 ]OH, m.p. 168° (methyl ether, m.p. 99"), 3- 
phenanthrol, m.p. 124° (methyl ether, m.p. 63®), 4-phenanthrol, m.p. 
io8' (methyl ether, m.p. 68°), formed by nuclear synthesis on heating 
)S-naphthyl iso-crotonic acid, 

9-Phenanthrol, phenanthrone ^53°» 

is also formed by the reduction of phenanthraqiimone wuth HI, or from 
phenanthrene-qumone dichloride C,4H.OCl2 ; it gives, w^ith diazo- 
bcnzol salts, the lO-benzol-azo-9-phenanthrol, m.p. 165°, wiiirh is identi- 
cal with the product of the action of phenyl-hydrazm upon phenanthra- 
quinone ; 2-, 3-, and 9-phenaiithrol resemble / 3 -naphthol (A. 321, 276 ; 
B 34, 14O1, 3998 ; 41, 42is^ Oi the amido-phenanthrols (A. 321, 
2<So, 295) and the dioxy-phenanthrenes, the 9, lo-derivatives should 

be separately mentioned. 9, 10-Amldo-oxy-phenanthiene ^ 

from phenanthrene-quinone-oxime, -imine or phenyl-hydrazoiie, by 
reduction easily passes into phenanthrene-hydroquinone, 9, lo-dioxy- 
phenanthrene Cj4Hf.(OH)2, m.p. I47°-I48°, which is best formed by 
reduction with zinc and glacial acetic acid, or with HjS in alcoholic 
solution, Nitro-phenanthrene-hydroquinones have been obtained 
similarly (B. 35 , 3117). 

3 , 4-Dimethoxy-phenanthrene, dimeihyl-morphol Cj4Hs(OCH3)2, 
m.p. 44°, from 9-carboxylic acid, or by methylating the corresponding 
monomethyl-ether, methyl-morphol C24Hf,(6H)(OCH3), which is a 
product of the decomposition of the alkaloid codein {g.v) (B. 33 , 1816). 
3 , 4, 5-Trioxy-phenanthrene Cj4H7(OH)3, m.p. 148°, is formed by 
fusing mnrphinol with caustic potash (B. 39 , 1718). 

Phenanihrenc-carboxylic Acids. — Their nitriles have been obtained 
from the salts of the sulphonic acids by distillation with potassium ferro- 
cyanide. 9-Phenanthrene-carboxylic acid and its substitution pro- 
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ducts have also been obtained synthetically by method 4 (above). 
2-, 3-, and 0-Cyano-phenanthrene C,4H9.CN, m.p. 105°, 102°, and 103° ; 
2-, 3-, and 9-phenanthrene-carboxylic acids, m.p. 254°, 269°, and 250° 
(A. 321, 322). 8, 9-Phenanthrene-d!carboxyl!c acid, anhydride, m p. 
284®. synthetically by method 4 (B. 39, 3115). 

1-, 2-, 3-, and 4-Methoxy-phenanthrene-9-carboxylic acid 
(0CH3)C02H, m.p. 215°, 228®, 239'", and 224°, and 3, 4-dimetlioxy- 
])hcnanthrene-9-carboxylic acid C,4H7{OCH3)2COOH, m.p. 228®, from 
the corresponding methoxy-amido-a-phenyl-cinnamic acids, split off 
COg on distillation and form methoxy-phenanthrenes (B. 34, 3998). 
2,3- and 3, 2-Pbenantbrol-carboxylic acid Ci4H8(0H).C02H, m.p. 227® 
with decomposition and 303° with decomposition, have been obtained by 
a salicylic acid synthesis by 2- and 3-sodium-phenanthrol by heating 
with CO2 under pressure. They are coloured yellow and resemble 
2, 3-oxy-naphthoic acid (B. 35, 4419). 3, 4-Dimethoxy-phenanth^ene- 
8-carboxylic acid, m.p. 196®, has been obtained from apo-morphin, a 
transformation product of morphin (q^v.), by methylation and decom- 
position (B. 40, 1998). 

Hydro-phenanihrenes.—'By reduction of phenanthrene with sodium 
and amyl alcohol, or by hydrogen in the presence of finely divided 
nickel, colloidal platinum, or palladium, as well as heating with HI and 
phosphorus, we obtain 9, lO-dihydro-phenantbrene C14H12. ni.p. 94®, 
b.p. 313®. Tetra-, hexa-, octo-, deca-, dodeca-, and per-hydro-pbenan- 
tbrene Cj4Hj4,C|4H|(j, Cj4Hjg, C44H2o» C 24 H 22 > and C24H24, b.p. 310°, , 

280^-285°, 275®, 209°, and 270®-'275® (B. 41, 1000, 4225 ; C. 1905, I. 
1396 ; T911, I. 651) 

Derivatives of the 9, lo-dihydro-phcnanthrene are found in the di- 
tertiary glycols obtained by the action of alkyl- and aryl-magnesium 
haloids upon phendiithracjumone ditertiary glycol : 9, 10-dimethyl-, 

diethyl-, and diphenyl-9,10-dioxy-dihydro-phenanthrene (C.hj, ^ C(0H)R' 

m.p. 164°, 122®, and 179®. By HI and phosphorus they are reduced 
to 9, lo-dialkyl-phenanthrenes, and by chromic acid they are oxidised 

to 0 , o'-diacyl-diphenylene which, by reduction, 

the original glycols, or other stereo-isomeric forms, are regenerated. 
On heating with dehydrating agents they undergo pinacolin transposi- 
tion and form 10, lO-dialkyl-pbenantbrones (?) 10,10- 

dimetbyl-, diethyl-, and diphenyl-phenanthrone, m p. 75®, 65®, and 198°* 
(cp. also 10, lo-Diphenylene-phenanthrone) (A. 362, 242 ; B. 37, 2887 ; 
C. 1905, I. 878). 

Phenanthraquinone (C6H4) 2(00)2 is formed in the action of chromic 
acid upon phenanthrene in glacial acetic acid solution ; most readilv 
by heating it with a chromic acid mixture (A. 196, 38). It crystallises 
in long, orange-yellow needles, melts at 198®, and distils without decom- 
position. It dissolves readily in hot alcohol, ether, and benzene, but 
sparingly in water. It dissolves in concentrated sulphuric acid with a 
dark-green colour, and is reprecipitated by water. By adding toluene 
containing thiotolene and sulphuric acid to the acetic acid solution 
of phenanthraquinone a bluish-green coloration is produced (see 
Thiophene). 

In behaviour it recalls j 3 -naphtho-quinone. It is odourless, not 
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volatile in steam, unites with one and two molecules of hydroxylamine, 
and is not reduced by sulphuric acid. 

Phenanthraquinone*monoxime Cj4HgO(N.OH) consists of golden- 
yellow needles, melting at 158°. If it is heated together with glacial 
acetic acid and hydrochloric acid to 130° it sustains the transposition 
of ketoximes, and forms diphenimide (B. 21, 2356) : 

cji, Noll C.H4-CO. 

I I ► I >NH. 


The dioxime forms an anhydride 



, melting at 


I8I^ 


This is a furazane derivative. 

The monophenyl-hydrazone of phenanthraqiiinone is identical with 

.C.OH 

the Q, lo-benzol-azo-phenanthrol || . Also, the acyl- 

^CN NC,H* 

phenyl-hydrazones obtained by the transformation of as-acetyl- 
and benzoyl-phenyl-hydrazin with phenanthraquinones pass spontane- 
ously into the isomeric 0-acyl-compounds of 9, lo-benzol-azo-phen- 
anthrol (A. 378 , 211). 

Phenanthraqumone, being an o-diketone, forms phenazin deriva- 
tives vith o-diamines. See B. 24 , R. 630, 631, for the condensations of 
aceto-acetic ester and acetone. By oxidation with chromic acid, or 
by boiling with alcoholic potash, phenanthraquinone is oxidised to 
diphenic acid ; ignition with soda-lime produces diphenylene- ketone, 
fluorcKc, and diphenyl. Diphenylene-glycolhc acid, fluorene alcohol, 
and diphenylenc’ ketone are obtained on boiling with aqueous soda-lye. 
Ignition with zinc dust produces phenanthrene. 

By sulphurous acid, or hydrogen sulphide, it is reduced to phen- 
anthrene-hydroquinone, by HI to phenanthrone. With HI and phos- 
phorus in glacial acetic acid we obtain aceto-phenanthrene hydro- 
quinones Ci4H8(OH)(OCOCH3), m.p. yS"" (B. 26 , R. 585 , C. 1897, II. 
1072). Mixtures of phenanthrene and qumone in sunlight give acidyl- 
phenanthrene-hydroquiiiunes (A. 249 , 137). With phenol it can be 
condensed to phenoxy-phenanthrenc-hydroquinone (C. 1900, II. 360). 

Bromine acts upon phenanthrene-quinone at low temperatures with 
formation of an addition product C^HgOgBrj (B. 37, 3556). At 100® 
substitution products are formed : 2-bromo- and 2, 7-dibromo-phen- 
anthrene-quinone, m.p. 234® and 323®. 3- and 4-bromo-phenanthrene- 
quinone, m.p. 286° and 126°, have been obtained from 3, 9- and 4, 9- 
dibromo-phenanthrene ; 2-chloro-phenanthrene-quinone, m.p. 236®, 
from 2, 9, lo-trichloro-phenanthrene by oxidation with CrO, (B. 37 , 

3551 ; 39 , 3893). 

By heating with nitric acid, phenanthrene-quinone is converted into 
2 - and 4-nitro-phenanthrene-quinone C,4H7(N02)02, m.p. 257° and 
180®, and after prolonged action into 2, 7- and 4, 5-dinitro-phen- 
anthrene-quinone Cj4He(N02)202, m.p. 3oo®--303® and 228®. 3-Nitro- 
phenanthrene-quinone, m.p. 275®, is formed from 9-bromo-phenan- 
threne, as well as from 9, lo-diacetamido-phenanthrene with nitric acid 
(B. 41, 3679). By oxidation with chromic acid mixture nitro-phen- 
anthrene-quinones yield nitro-diphenic acids ; by means of reduction, 
umido^henanlhrene-guinones have been obtained, and from these oxy- 
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phenanthrene-quinones (B. 36, 3726 ; A 322, 135). The latter also 
result from acidulated phenanthrols by oxidation with CrO, : 3-oxy- 
phenanthrene-quinone Ci4H7(0H)02, in needles resembling alizarin and 
capable of sublimation ; 2-oxy-phenanthrene-quinone, dark violet 
needles, m.p. 28o°-283 ; 4-oxy-phenanthrene-quinone, red powder, 
m.p. 285° (B. 44, 740). 3, 4-Dloxy-phenanthrene-quinone, morphol- 

quinone Cj4He(0H)202 (diaceto-compound, m.p. 196') lias been ob- 
tained from 3-oxy-phenanthrene-quinone by way of the nitro- and 
ami do-compounds (B. 41, 3696). 

3-Plienantlirene-quinone-sulphonic acid 0,411702(5031!) from 3- 
phenanthrene-sulphonic acids with CrOg (A. 321, 339). 

Retene or l-methyl-7-iso-propyl-phenanthrene 

CHgiiJCeHa CeH3[7]C3H,^ boiling at 394'', ib 

a homologue of phenanthrene. 

Retene occurs in the tar of highly resinous pines, and in some 
mineral resins. It is isolated from those portions that boil at elevated 
temperatures. 

It results from the distillation of abietic acid (probably a deka- 
hydro-retene-carboxylic acid) wath sulphur (B. 36 , 4200). Its picrate 
forms orange-yellow needles, melting at 123°. Chromic acid m glacial 
acetic acid solution oxidises retene to retene-quinone CjgHjgO.^ {methyl- 
iso-propyl-phenanihraqmnone), melting at 197°. It resembles phen- 
anthraquinone m its entire behaviour. Sodium hydrate converts 
retene-quinone into : 

< CO H 

and retene-glycollic acid CieHig. 
C(0H),C()2H. Potassium permanganate oxidises retene-quinone to 
retene - ketone '^^3 l * j '-e \co ^ l / “ 7^ y-oxy-iso-propyl-dipheny- 
lenc-ketonc-i-carboxyhc acid iC(OH)(CH3)j^ 

diphcnylene-ketone-i, y-dicarboxylic acid ^^^yCgH3^7]C02H 

the latter, m turn, passing into a mixture of i, 2, 3- and i, 2, 4-bcnzol- 
tricarboxylic acid. The 7-oxy-iso-propyl-diphenylene-ketone-i-car- 
boxylic acid can be broken down to p-iso-propyl-diphenyl CgH5.CgH4 
[4jC3H7 by means of KOH, reduction with HI, and rejection of the 
carboxyls, which proves the position of the side-chains in retene (C. 
1910, I. 1530). 

Retene dodeca-hydrlde, dehydro-fichtelite C,3H3o is an oil, boiling at 
336°. It is formed when retene is heated with hydriodic acid and phos- 
phorus to 250°, and also in the action of iodine upon fichtelite CxsHaj. 
melting at 46°, which occurs, together with retene, in the peat of fossil 
plants (B. 22 , 498, 635, 780, 3369)- 

Chrysene and picene possess a structure similar to that of phenan- 
threne. They can be derived from phenyl-naphthalene and dinaphthyl 
the same as phenanthrene from diphenyl ; 

CeH,-CH C,H4~CH CjoH.-CH 

I II I II I 11 

C«H4— CH C10H4— CH CjoHe— CH 

Phenanthrene Chr> sene Picene. 

The constitution of these bodies is deduced mainly from the pro- 
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ducts of their oxidation. Chromic acid first changes them to chryso- 
quinone and piceno-quinone, which can be further transposed into 
chrysene- and picene-ket ones, chrysenic acid and picenic acid, j 3 -phenyl- 
naphthalene and ) 3 -dinaphthyl : 


CeH, . CO 

I I 

C,,He-CO 

Chrv''0-quinone 


C.H, 

^10^6 


\co 


Chrysene ketone 


C.H. C,H, 

(!:,oH,COOH 

Chrysenic acid jJ-Phciiyl naphthalene. 


C,oH.-CO 

I I 

t'lcHe-CO 

ruono-qinnone 



Picene-ketone 


CioH, 

cooh 

Picenic acid 




CioH, 

Dinaphthyl. 


Chrysene ni.p. 250° and b.p. 448°. consists, in a pure con- 

dition, of siJver-white flakes with a violet fluorescence. When impure 
it has a yellow colour (hence the name from gold-yellow). 

It occurs in those portions of coal-tar which have high boiling-points. 
It can be s^mthesised from phenyl-naphthyl-ethane CeH5.CH2.CH2. 
C10H7, just as phenanthrene is produced from dibenzyl ; also by heat- 
ing naphthalene with cumarone. It is formed in large quantities by 
heating indene 2C9Hg=Ci.Hi2+4H (B. 26 , 1544). See B. 24 , 949, for 
substituted chrysenes. The hydrides, Cj^Hga, b.p. 3bo°, and C^gHgo, 
m p. 1 15'' and b.p. 353® (B. 22 , 135), result upon heating chrysene with 
hydriodic acid and phosphorus. 

\Mien digested with chromic acid and glacial acetic acid chrysene 
oxidises to so-called chryso-quinone CigHioOj (a diketone), which cry- 
stallines in led needles, melting at 235®. 

Chryso-ketone C^HioO renultswhen chryso-quinone is distilled with 
lead oxide. Hydriodic acid and phosphorus reduce it to chryso-fluorene 

On boiling vath permanganate, chrysene-quinone, and chrysene- 
ketone even more readily, give diphthalic acid COOHC(jH4CO.COC6H4 
COOH. On heating with s.jda-lime or potash and PbOg, chrysene- 
quinone jnelds chrysenic acid or j 3 -phenyl-a-naphthoic acid, which by 
rejecti<^n of COg yields jS-phenyl-phthalin (B. 26 , 1745). A transposi- 

X : NOH 

tion of chrysene-quinone-oxime produces 

at 100® two isomeric amido-acids 220° and 

' CeH^COOH 

275®, which on saponification give chryso-diphenic acid 1 

CjqH^COOH 

m.p. 199°, and, in the manner of diphenaminic acid, are converted by 
sodium hypochlorite into a- and /3-naphthanthridonc ^^-P* 

332". and "’•P- ^ 37 ; 335 , 124 ; B. 35 , 2744). 

Picene C22H,4 is the hydrocarbon with the highest melting-point 
(364®). It is formed by the distillation of lignite, coal-tar, and petroleum 
residues. It can be synthesised from naphthalene and ethylene 
bromide by means of AICI3 (B. 24 , R. 963 ; 32 , 3341 ; C. 1910, II. 471). 
It is very sparingly soluble in most solvents, but most readily in crude 
cymol. When heated to 250® with hydro-iodic acid and phosphorus, 
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pioene-perhydrlde is produced. It melts at 175®. Picene is 

oxidised by chromic acid to an orange-red quinone C22HJ2O2, which, 
like chrysene, is changed on the one hand to picene-ketone, picenc- 
fluorene alcohol, and picene-fluorene (Cj(,Hg)2CH2, and on the other to 
ptcenxc acid or dtnaphthyl-carboxylic acid and ) 3 'dinaphthyl (B. 26 , 

1751). 

Pyrene CuHio, lemon-yellow plates, m.p. 149°, b.p.^o 260® ; picrate, 
m.p. 222® ; it is converted, by chromic acid in glacial acetic acid, into 
pyrene-quinone CijH.02. and on further oxidation to pyrenic acid 
Cj2H6(CO)(COOH)2 (M. 31 , 861), a ketone-dicarboxylic acid which 
easily shows anhydride and imide formations (B. 19 , 1997), and, on 
distillation, produces pyrene-ketone C,2H^(CO), m.p. 141°. On oxidis- 
ing pyrenic acid with ]VIn04K, we obtain i, 4, 5, 8-naphthalene-tetra- 
carboxylic acid, and from pyrene-ketone naphthalic acid. On the 
constitutions of pyrene, as one of the ring systems consisting of four 
condensed benzene nuclei, see B. 20 , 365 ; A. 351 , 218. 

Triphenylene needles, m.p. 198®, is formed 

on conducting benzene vapours through incandescent tubes. Fuming 
nitric acid oxidises it to mellithic acid. A dodeca-hydro-triphenylene 
^'18^24, ni.p. 233°, is formed by the condensation of cyclo-hexanone 
with alcoholic H2SO4, as m(*sitylene from acetone (B. 40, 153). See 
also tricyclo-trimethylene benzol m.p. 96® (B. 30, 1094). 


IV. Fluorene Group. 


Just as phenanthrene, chrysene, and picene were regarded as sym- 
metrical Og-ethylene derivatives of diphenyl, phenyl-naphthyl, and 
dinaphthyl, so fluorene, chrysene- fluorene, and picene-fluorene may be 
viewed as Oj-methylene derivatives of the last-mentioned hydrocarbons, 
and accordingly may be designated diphenylene-methane, phenylene- 
naphthylene, and dinaphthylene-methanes. On the other hand, they can, 
like indene, be regarded as condensed cyclo-pentadiene derivatives : di- 
benzo-, benzo-naphtho-, and dinaphtho-cyclo-pentadiene. Fluorene 
is also closely allied to diphenylene oxide, diphenylene sulphide, and 
diphenylene-imide or carbazol (q.v,), dibenzo-derivatives of furfurane, 
thiophene, and pyrrol : 



Fluorene Diphenylene Diphenylene Diphenylene- 
oxide sulphide imide. 


General Methods of Formation , — i Fluorene is formed by con- 
ducting vapours of diphenyl-methane through tubes heated to redness ; 
chryso-fluorene is similarly obtained from jS-naphthyl-phenyl-methane : 


/CH-CH\ /CH-CH\ 

chC ^ch 

'Vh — -C^ yC CH<^ 


. 7 CHl ?CH 

Vh Cf V CH- 

8 \CH,/ I 


2. o-Diphenyl-carboxylic acid, phenyl-naphthyl-carboxylic acid or 
chrysenic acid, and dinaphthyl-carboxylic or picenic acid, when heated 
alone or in the form of salts, yield fluorene-, chrysene-, and picene- 
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ketones, which can be readily reduced to fluorene, chryso-fluorene, and 
picene-fluorene . conversely, the acids are reformed when the ketones 
are fused with caustic potash : 

C.H.COOH ► C.H. 

I I Nco. 

C.H. C.H/ 

3. Fluor ene-ketone is also obtained from the diazo-derivative of 
o-amido-benzo-phenone by the elimination of nitrogen ; similarly, 
chrvsene-ketone is formed from o-amido-phenyl-a-naphthyl-ketone 
(B/29, S 2 b) : 

► C.H« C.H*. 

CO 

4. Phenanthraquinone, chryso-quinone, and piceno-quinone, when 
oxidised, also yield the ketones of the corresponding fluorenes : 

C.H^— CO C,H, 

I i ^ I 

C.H,— CO C.H. 

Fluorene, dxphenylene-meihane CigHjo, m.p. 113® and b.p. 295®, 
crystallises in colourless leaflets with a violet fluorescence. It forms 
a compound with picric acid, melting at 81®. 

It is found in coal-tar (fraction 2 yo°-^oo°) ; on heating with sodium 
or sodium amide to I20®-I50®, it forms a sodium salt (CgH4)2 : CHNa, 
by means of which it can be detached from the accompanying hydro- 
carbons (B. 41 , 2913). 

It results upon exposing diphenyl-methane to a high temperature 
(above), and in the reduction of diphenylene-ketone with zinc dust or 
upon heating it to ibo® with HI and phosphorus. The chromic acid 
mixture oxidises it to diphenylene-ketone. 

In fluorene the hydrogen atoms of the CHj group are mobile as in 
cyclo-pentadiene and indene, but to a less extent. Heating with caustic 
potash and benzyl chloride fnrm^ dibenzyl-fluorene (C4H4)2C(CH2C6H5)2, 
m.p. 148° ; with benzaldehyde, cinnamic aldehyde, etc., it condenses to 
colourless or faintly coloured benzylldene-fiuorene (CeH4)2C : CHC^Hg, 
m p. 76°, and cinnamylidene-fluorene (CeH4)2C : CH.CH : CHCgH^, 
m.p. 154® ; with oxalic ester to fluorene-oxalic ester (CgH4)2CHCOCO, 
C2H5, m.p. 75® ; with formic ester to formyl-fluorene or diphenylene- 
acetaldehyde (CeH4)2CH.CHO, m.p. about 70® (B. 43 , 2719) ; with 
amyl nitrite and ethyl nitrate under the influence of potassium ethylate 
free from alcohol, it yields fluorenone-oxime (CgH4)2C : NOH and 
9-nitro-fluorene (CeH4)2CHN02 respectively, which, like phenyl-nitro- 
methane, occurs in an acid form soluble in alkalies, m.p. 135°, and a 
neutral form, insoluble in alkalies, m.p. 182® (A. 347 , 290 ; B. 38 , 852 ; 
41, 3334)- 

By reduction of fluorene with HI and phosphorus, or hydrogen and 
nickel, we obtain perhydro-fluorene CjjHja. b.p. 256®-258®, Dgj 0-9203 
(B. 42 , 920, 2093). The isolation of a hexahydro-fluorene C^Hiji, 
from coal, by extraction with benzene, or distillation in a vacuum, is 
noteworthy (B. 44 , 2486). 

By bromination of fluorene in boiling chloroform we obtain 2,7- 
dibromo-fluorene m.p. 164 ®, and 2 , 6 C?), 7-tribromo-fluor6M 


^co 
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Ci3H7Br3, m.p. 200® (B. 88, 3764). 9-Chloro-fluorene CigHgCl, m.p. 90® 
from fluorene alcohol with PCI3 (B. 37 , 2896). 

Nitration of fluorene in glacial acetic acid produces 2-nitro-fluorene 
NO3— C13H9, m.p. 153®, which, by known methods, can be converted 
into 2 -amido, diazo- and oxy-fluorene and 2 -fluoryl-hydrazin. Nitration 
of the 2-acetamido-fluorene produces 2, 7 - and 2, 1-amido-nitro- 
fluorene, m.p. 232® and 206®, which produce 2, 7- and 2 , 1-diamido- 
fluorene, m.p. 164® and 193° (B. 84 , 1758 ; 35 , 3284) ; 9 -amido- 
fluorene, two modifications, m.p. 54® and 123®, by reduction of fluorenone 
oxime (B. 41 , 1243). 

Retene - fluorene, i - methyl • y • xso • propyl - diphenyl - methane 
2Lt 97®, is derived from its ketone upon dis- 
t illation with zinc dust. Chryso-fluorene, naphthylene-phenylene-methane 

(i,oHe — CHg — C3H4, melting at 180®, is derived from ) 3 -benzyl-naphtha- 
lene or from chryso-ketone. An iso-naphtho-fluorene 

m.p. 208®, has been obtained from iso-naphtho-fluorenone (A. 376 , 276 ; 
B. 27 , 953). Picene-fluorene, picylene-methane (CioH3)2CH2, melting 
at 306®, is produced on heating its ketone to i6o®-i75® with hydriodic 
acid (A. 284 , 70). 

This is isomeric with the aa- and j 3 ) 3 -dinaphtho-fluorene, m.p. 236° 
and 186®, obtained from aa- and jSjS-di naphthyl carbinol (B. 43 , 2832). 

Metbyl-hexahydro-fluorene, boiling at 128® (14 mm.), results from 
the action of P^Oj upon methyl-benzyl-cyclo-hexanol, the reduction 
product of benzylid ene-methy l-cyclo-hexanone (CH3)(OH)C6H9 : CHg. 

QH5 > (CH3)C«Ho.CH2.CeH4 (B. 29 , 2962 ; A. 305 , 264). 

Diphenylene-phenyl-methane, phenyl-fluorene (C3H4)2CHC6H5, melt- 
ing at 146®, results (i) on heating triphenyl-methane chloride (CqH 5)3CC1, 
or potassium-triphenyl-methane ; (2) from triphenyl-carbinol by dis- 
tillation with crystallised phosphoric acid ; (3) from fluorene alcohol, 
benzene and sulphuric acid ; (4) from 9-chloro-fluorene, benzene, and 
AlCls (5) from hydro-fluoranic acid by distillation over soda-lime ; and 
(6) by reduction of diphenylene-phenyl-carbinol, ()-phenyl-fliiorenol 
C6H4 \c</OH ^ ^ p latter, analogous to triphenyl-carbinol, 

is obtained from diphenylene-ketone with phenyl-magnesium bromide, 
or by oxidation of g-phenyl-fluorene with chromic acid ; it gives 
intensely coloured double salts and perchlorate ; with aniline chloro- 
hydrate it condenses to diphenylene-p-amido-diphenyl-methane 
(CgH,)2C(CeH5)C,H4NH„ m.p. 179° : with phenol and sulphuric acid 
to dlphenylene-p-oxy-dlphenyl-melhane, m.p. 191° (B. 37 , 73). By 
the action of PCI,, acetyl chloride, or gaseous HCl it passes into 9 , 9 - 
phenyl-chloro-fluorene (C*H4),CC1C*H5, m.p. 79°, which, like triphenyl- 
chloro-methane, is distinguished by the mobility of its chlorine atom. 
By heating with copper powder in benzene solution it passes into 
dl-biphenylene-diphenyl-ethane (CgH4),(C4Hj)C.C(CgH5)(CgH4)2, m.p. 
254°. This forms colourless crystals which dissolve colourless in the 
cold, and only assume a dark-brown colour on heating, with partial 
decomposition into two molecules biphenylane-phenyl-methyl iCgH,), 
C(C,H»). In the air it absorbs oxygen, and accordingly passes into 
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the conesponding peroxide, m.p. 193°. Still more stable is the 
analogous body di-biphenylene-di-biphenyl-ethane (CeH4)2(CeH5.C„H JC. 
C(C4H4.C«H5)(CeH4)2, m.p. 176'". obtained from 9 , 9 -biphenyl-chloro- 
fluorene (CjH4)2CClC^H4.CgH5, m.p. 139°, which only undergoes a 
blight dissociation in boiling anisol and is insensitive to oxygen, both 
m solution and in the solid state (A. 372 , 21 : B. 43 , 1753). 

Phenyl-chryso-fluorene m.p. 195°, from diphenyl-a- 

iiaphthybcarbinol with concentrated SO4H2 or ZnClg (B. 38 , 2215) ; 
9, 9-diphenyl-fluorene (CflH4)2C(CeH5)2, m.p. 220°, analogous to 
diphenyl-monc^biphenyl-carbinol (B. 4105). 

Diphenylene-diphenyl-ethane (CgH J 2CH.CH(CeH5) 2, melting at 
217'", and diphenylene-diphenyl-ethylene (Cq}1^)2C : melting 

at 229°, aribc in the breaking-down of diphenylenc diphenyl-succinic 

anhydride , 1 )>0, melt ng at 256®, one of the reaction products 

•“5)* ^ 

ot cold concentrated sulphuric acid upon benzilic acid. Diphenylene- 
diphenyl-ethylene IS produced on heating benzo-phenone chloride with 
tluorene. It consists of colourless crystals, the solutions of which are 
coloured intensely yellow. The moderated oxidation of this body with 
chromic acid gives rise to 9, 9-benzoyl-phenyl-fluorene (C6H4)2C(CgH5) 
COC^H^, m.p. 172®, by pinacolin transformation from the pinacone 
first formed. It is also obtained from potassium-triphenyl-methaiie, 
or potassium-9-phenyl-fluorene with benzoyl chloride. Alcoliolic 
potash breaks it up into 9-phenyl-fluorene and benzoic acid. By 
reduction with HI and phosphorus, benzoyl-phenyl-fluorene is converted 
into 9, lo-diphenyl-phenanthrene, with reversal of the pinacolin trans- 
position and expansion of the ring (B. 37 , 2887). 

Bi-dipbenylene-ethane (CeH4) gCH.CH (CeH4) 2, colourless needles, 
melting at 246 ®, is produced, together with bi-diphenylene-ethylene, 
bifluorent (C8H4)2C . C(CgH4)2, melting at 188®, on heating fluorene 
with lead oxide. The second hydrocarbon is also formed on heating 
fluorene with bromine, chlorine, or sulphur, and by the action of 
alcoholic potash upon 9-biomo-fluorene (A. 376 , 271) : or of copper 
powder upon fluorene dichloride (B. 43 , 1796). 

It consists of beautiful r^^i-coloured needles. Its bromine addition 
product is colourless, and when heated with sodium in xylene solution 
it reverts to the red hydrocarbon (B. 25 , 3140 ; A. 290 , 238 ; 291 , i). 
The following diagram is interesting from the point of view of the 
colour of highly condensed hydrocarbons : 



Tetraphenyl-ethylene. Diphenylene-diphenyl-ethylene. Bi-diphenylene-f thy- 
Colourless Colourless ; yellow m solution lene. Ked netdles. 


Compare the yeUow colour of acenaphthylene and the red colour of 
diphenyl-fulvene On oxidation with chromic acid the di-biphenylene- 
ethylene , forms, by a change analogous to the pinacolin trans- 
position, besides fluorenone, a 10, 10 - diphenylene - phenanthrone 

(C4H4), : C— C,H4 

I (?). m.p. 258®, which is broken up by alcohohc 
“-•fit 


od— 
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potash to form the acid (CjH^) : CH— C,H4.C,H4COOH. The same 
pinacolin is also formed in the reduction of fluorenone with zinc dust 
and acetyl chloride. It is probably identical with the so-called di-bi- 
phenylene-ethylene oxide obtained from di-biphenylenc-ethylene 
dibromide by heating with water. By reduction with HI it is trans- 
formed into 9, lO-diphenylene-phenanthrene ^*h^ Ch C*h* 

215®, with another transposition (B. 29 , 2152 ; 37 , 2894 ; A. 291 , i). 

Fluorene alcohol, ^uor^no/ (CeH4)2CHOH, m.p. 153®, is formed from 
the ketone with Na amalgam and from the Na salt of diphenyl-glycolic 
acid by heating to 120®. Like fluorene alcohol, retene, picene, and 
chrysene-fluorene alcohols, m.p. 134®, 167®, and 230®, are obtained. 
Fluorene ether [{C6H4)2CH]20, m.p. 228®, from 9-chloro-fluorene and 
AgaO (B. 43 , 2490). Methyl-, ethyl-, and benzyl-fluorenol (C6H4)2 
C(OH)R, m.p. 174°, loi®, and 139°, are formed from fluorenone wdth 
the corresponding alkyl Mg haloids (B. 38 , 4105). 

C H 

Diphenylene-ketone, fluorenone melting at 84® and boiling 

at 341® (B. 27 , R. 641), is obtained from diphenic acid, iso-diphenic acid, 
and o-diphenyl-carboxylic acid when heated with lime ; by oxidising 
fluorene with a chromic acid mixture, and by heating phenanthra- 
quinone with caustic lime (A. 196 , 45 ; 279 , 257), and when the diazo- 
compound of o-amido-benzo-phenone is heated with water (B. 28 , iii). 
Potassium permanganate oxidises it to phthalic acid. It is converted 
into o-phenyl-benzoic acid on fusion with potassium hydroxide. Its 
oxime (CgH4)2C : NOH melts at 193®; the phenyl-hydrazone melts at 
151® (B. 29 , 230, R. 26). 

Retene-ketone melts at 90®. Chryso- 

ketone, naphiho-fluorenone CeH4.CO.C4oHe, melts at 130®. On the 
formation of the latter from o-amido-phenyl-a-naphthyl-ketone, see 
obove. An iso-naphtho-fluorenone, m.p. 152®, has been obtained by 
condensation from o-phthalaidehyde with a-hydrindone by means of 
K methylate (A. 376 , 269). Picene-ketone (CioH6)2CO, m.p. 185® ; 
aa- and jSjS-dlnaphtho-fluorenone, m.p. 225® and ibi®, from the cor- 
responding dinaphtho-fluorenes (B. 43 , 2833). 

With concentrated HNO3 in the cold, fluorenone yields a loose 
addition product (CgH4)2C0.N03H, which easily separates into its 
components. Energetic nitration gives 2, 7-dinitro- and 2, 6, 7-trmitro- 
fluorenone, m.p. 290® and 181® respectively ( B. 38 , 3758). 

o-Oxy-diphenylene-ketone, oxy-fluorenone CgH3(OH).CO.CeH4, melt- 
ing at 1 15®, is obtained from sym. o-diamido-benzo-phenone on boil- 
ing its diazo-salts with water, together with xanthone (B. 31 , 3034) ; 
and from 1-amido-diphenylene-ketone, m.p. no®, obtained from di- 
phenylene-ketone-i-carboxylic amide with KOBr (C. 1902, II. 1472). 
The i-oxy-fluorenone forms yellowish-red or dark-red alkali salts, 
showing feeble drying properties. 

When fused with caustic potash it decomposes into o-phenyl- 
salicylic acid CgH5.C5H3(OH)COOH, which is recondensed by concen- 
trated sulphuric acid to oxy-diphenylene-ketone (B. 23 , 112). 4-Oxy- 
diphenylene-ketone is also prepared from 4-amldo-dipheiiylene-ketoiie, 
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melting at 138®, which is obtained from diphenylene-ket one-carboxyl- 
amide with bromine and caustic potash. 

By fusing with potash the 4-amido-fluorenone is transformed into 
phenanthridone (B. 28 , R. 455), which also results by Beckmann’s 
transposition on heating the oxime of fluorenone with zinc chloride 
(B. 29 , 230) : 


CeH3(NH,)--CO— C,H4 ► 0.114— NH—C O—C.H4 -1 C,H4— (:(NOH)--C,H4 

4 -Amido- fluorenone Phenanthridone Fluorenone-oxime. 


2-Amido-fluorenone, m.p. 163®, from 2-nltro-fluorenone, m.p. 222®- 
223®, the oxidation product of 2-nitro-fluorene, by reduction with 
AnigS, gives with the diazo-salts 2-oxy-fluoreDone, m.p. 2io°-2ii® 
(B. 34, 1764). 3-Oxy-fluorenone, m.p. 229®. is formed from synthetic 
3-oxy“fluorenone-4-carboxylic acid by splitting off COg. 

Carboxylic Acids. — Diphenylene-acetic fluorene-carhoxylic acid 

melting at 221®, results on reducing diphenylene- 
glycollic acid with hydriodic acid and phosphorus. Also from trichlor- 
acetic ester with benzene and AICI3 (C. 1902, II. 991). Its nitrile, 
m.p. 152®, is formed from diphenylene-acetaldoxime with acetyl 
chloride. 

Diphenylene-gly collie acid, ms-oxy-fluorene-carboxylic acid (C^H.), 
C(OH).COgH, melting at 162°, is produced when phenanthraqiiinone 
is boiled with sodium hydroxide. In this instance an atomic rearrange- 
ment occurs, similar to that observed in the transition of benzile to 
benzilic acid, or of ^-naphtho-quinone to oxy-indene-carboxylic acids : 


C.H.CO 

I 

C.H.CO 


H,0 


\C(OH).COOH 

C.H." 


C.H.— CO 


H,0 

— 


C H 

I* *^C{OH)COOH. 

C4H4 


Chromic acid oxidises it to diphenylene-ketone. Analogues of 
diphen3dene-glycollic acid have been obtained from retene- and 
chr\’sene-quinone (above), and from other substituted pheiianthrene- 
quinones (B. 38 , 3737). With phenols and phenol ethers diphenylene- 
glycollic acid condenses m the manner of benzilic acid, under the in- 
fluence of tin tetrachloride, to form substituted diphenylene-phenyl- 
acetic acids (B. 43 , 2496). With PCI5 it forms diphenylene-chloro- 
acetic-acid chloride, m.p. 112°, which, on treatment with zinc chips in 
ether solution, passes into diphenylene-ketene (CeH4)2C : CO, golden- 
yellow spears, m.p. 90°, an analogue of diphenyl-ketene (B. 39 , 3062). 

Fluorene-oxalic acid (C3H4)2CH.C0C00H+H20, m.p. i5o®-i5i®, 
decomposes on heating into CO, COg, and fluorene ; its esters, formed 
from fluorene, oxalic ester, and sodium, give, with Na alcoholate and 
ICH3 or IC2H3, methyl- and ethyl -fluorene-oxalic esters, and, by splitting 
up the latter, 9 -methyl-fluorene (C3H4)2CHCHj, m.p. 46®-47®, and 
9 -ethyl-fluorene (C3H4)2CHC2H5, m.p. 108®, b.p.,, 166® (B. 85 , 759). 

CO COOH 

Diphenylene-ketone-carboxyllc acids, or i-acid | C n | 

The a-acid, melting at 191®, is produced by the oxidation of fluoranthene 
with a chromic acid mixture. Sodium amalgam converts it into 

a-fluorenic acid C3H4.CH2.ieH3.CO2H, melting at 245®, which yields 
fluorene if it be distilled with zinc dust. Iso-diphenic acid results 
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when it is fused with potassium hydroxide, while heating with lime 
breaks it down into carbon dioxide and diphenylene-ketone. 

CO_ 

The y-, ortho-, or 4-acid 4 — — l-JL is formed when diphenic 

HOCO * 

acid is heated ft melts at 227°. Fusion with caustic potash changes 
it to diphenic acid (B. 20 , 846 ; 22 , R. 727). Also from diphenic 
anhydride with AlCl, in benzene, besides o-benzoyl-fluorenone, m.p. 95® 
(C. 1902, 1. 875). 

HOCO CO 

Diphenylene-ketone-1, 7 -dicarboxylio acid 

COOH 

is formed from retene-quinone (above) with Mn04K. It is a yellow 
powder, decomposing at 270° into COg and diphenylene-ketone-2-car- 
boxylic acid, m.p. 275°. Distilled with lime it forms diphenyl. On 
heating its silver salt it forms diphenylene-ketone, and, on further 
oxidation with MnO^K, a mixture of i, 2, 3- and i, 2, 4-benzol-tricar- 
boxylic acid (A. 229 , 158 ; C. 1904, II. 449 : 1910, I. 1530). 

CO_ 

8 -Oxy-diphenylene-ketone- 2 -carboxylic acid -j p — -j j-cooH, 

OH 

m.p. 278°, is formed by nuclear synthesis in the action of concentrated 
potash upon indane-dione-methenyl-aceto-acetic ester (C. 1906, 1. 849). 

CjoHj- COOH 

Chryso-ketone-carboxylic acid 1 \qq , m.p. 283®, is formed, 

Cn H4/ 

besides small quantities of an isomeric acid, by the action of 
concentrated SO4H2 upon chryso-diphenic acid (A. 335 , 119). A 
third isomeric allo«chryso-ketone*carboxylic acid, m.p. 288°, has been 
obtained by heating T-phcnyl-napliihalenc-2, 3-dicarboxylic acid with 
concentrated H2SO4 (C. 1908, II. 1360). 

Fluoranthene and pyrene, occurring in the " stubb fat ** of Idria, 
are also found with the condensed hydrocarbons just mentioned in the 
high boiling fractions of coal-tar. 

Fluoranthene C^gHjo. idryl, melts at no®. Ms picric acid compound 
melts at 182®. Fluoranthoqulnone CigHgOg is obtained by oxidising 
idryl with chromic acid. It melts at 188®, and may be further oxidised 
(with the elimination of COj) to obtain a-diphenylene-ketone-car- 
boxylic acid. 

The constitution of fluoranthene and of fluoranthoquinone probably 
corresponds to the formula* (A. 200 , i) : 


i H 

C H -CH 
Fluoranthene 


( H I CO 

CO CeH3 

CO CO 2 H 

Fluoranthoquinone a-Diphenylene-ketone- 
carboxyhc acid. 


Cp. also phthalacene C,oH„ (B. 17 , 1389 ; C. 1908, I. 644 ; 1909, 
I- 535 )- 

V. Anthracene Group. 


Anthracene (from avBpa^, carbon), occurring together with the iso- 
meric phenanthrene in the high-boiling portions of coal-tar, is the 
parent substance of a large group of bodies to which a series of vegetable 
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compounds, and in particular the very important dye {alizarin, pur purin, 
etc.) of madder root belong. 


Synthetic Methods for the Production of Anthracene Derivatives, 

1. Anthracene may be formed from benzene, acetylene tetra- 
bromide, and AICI3 (B. 16 , 623). 

2. It is also produced from methylene bromide, benzene, and AlgCl^. 
Dihydro-anthracene is the primary product, but it loses two atoms of 
hydrogen, and anthracene results. 

3. Further, dihydro-anthracene, and subsequently anthracene, is 
obtained (together with toluene) from two molecules of benzyl chloride 
on heating it with aluminium chloride or with water to 200® (Limpricht, 
186C)), when dibenzyl wall also be produced. 

Anthracene may also be derived from diphenyl-methane with 
AICI3. It is ver^^ probable that the diphenyl-methane is first resolved 
into benzyl chloride and benzene. Unsym. diphenyl-ethane in an 
analogous maimer yields ms-dimethyl-anthracene (B. 27, 3238). 

4. Finally, dihydro-anthracene is obtained from two molecules of 
o-bromo-benzyl bromide by the action of metallic sodium (B. 12, 1965) 
(cp. p. 689) : 


(I) 

C.H. 

BrCHBr 

"T ! 

-fCeH, 


-tUBr 

-- C.H., 

CH 

>C.H. 


BrCHBr 





CH 


(2) 

C.H, 

BrCHjBr 
+ ! 



- ^\\nr 

► C.H.'^ 

CH 

^C.H. 


BrCH.Br 



- :h 


CH 

/ 




LICH, 


- HCl 


CH 


(3) 

C.H.-, + 

^CHjCI 


C.H. 

-.-H 

— >• C.H.',; 

CH 

C.H. 



CHjBr 

Br 


- \.»r.r 


CH 


U) 

C.H. 

-f 


C,H.+^^•a - 


► C.H.( 


C.H. 


Br BrCH, 


— - H 


CH 

/ 


Anthraquinones are obtained (^a) by the action of zinc dust upon 
the chloride of phthalic arid and benzene. (56) Similarly, oxy-anthra- 
quinunes are produced on heating phthalic anhydride with one molecule 
of a mono- or polyhydric phenol and sulphuric acid to 150°. If there 
is an excess of phenol present, phthdeins result, (b) o-Benzoyl- 
benzoic acid and PjOg yield anthraquinone on the application of heat. 
The substituted benzoyl-benzoic acids form the substituted anthra- 
quinones, and benzyl-benzoic acid forms anthrone. (7) Di- and tetra- 
oxy-anthraquinones are formed w^hen metaoxy- and dimeta-dioxy- 
benzoic acids are heated with sulphuric acid : 


/COCl ^ 

(5^) ^ COCl 

(5b) C.h/^®;>04-C.H.(0H), 


( 6 ) 

(7) 


OHCelV 


COC.H, 

COOH 

rooH 


HOOC 




c.n/ 

c.hXJ'” r.H. 

OH OH 


The methods just given and a series of others — e.g. the production of 
anthraquinone from o-tolyl-phenyl-ketone and lead oxide, and that of 
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anthracene and methyl-anthracene from o-tolyl-phenyl-ketone and 
o-ditolyl-ketone by means of zinc dust (B. 23, R. 198) — demonstrate 
the accepted symmetry of the derivatives of anthracene, which is 
further proved by the following fact : brominated o-benzoyl-benzoic 
acid from o-phthaJic acid yields bromo-anthroquinone : the oxy-anthra- 
quinone obtained from the latter, however, can be oxidised to o-phthalic 
acid ; so that both in the synthesis and decomposition of the molecule 
o-phthalic acid appears, which, in the first instance, is connected with 
the one and in the second case with the second half of the molecule 
(cp. constitution of naphthalene) (B. 12, 2124) ; 




[i]CO.C,H, 

[2jCOOH 


OH.C,Ha{ 


li]CO[il 

[2JC0[2] 


}C,H. 


HOOCfi) 

HOOCr2l 


}c,Ha. 


Therefore anthraquinone and anthracene, which are genetically con- 
nected, have a symmetrical constitution corresponding to the symbols : 


1 ^ 1 

I 

CH 
Anthracene 


CO 


\/r\ 

1 *1 



x/'xy'x/' 


c o 

Anthraquinone. 


Anthracene is a nucleus resulting from the condensation of three 
benzene nuclei, of which the intermediate or middle member shows a 
para-union. The positions i, 4, 5, 8 (a-) are alike ; also 2, 3, 6, 7 (/3-). 
By the replacement of the middle hydrogen atoms of anthracene 
y-derivatives or w^se-derivatives are obtained. In contrast with this 
the substituents of the two outer benzene nuclei are designated by the 
prefix henz In most oi the anthracene transpositions the intermediate 
C atoms are first attacked. 

Anthracene melting at 213® and boiling at 351®, is isomeric 

with phenanthrene, and is produced according to the methods indicated 
above. (See also B. 28, R, 148.) It is found in large quantities in 
coal-tar. 

Crude anthracene, boiling at 340^-360® and beyond, is best purified 
by treating it with liquid sulphurous acid, which chiefly takes up the 
admixtures (B. 26, R. 634). For additional methods of purification, see 
B. 18, 3034 ; 21, R. 75 ; A, 191, 288. Chemically pure anthracene is 
prepared by heating anthraquinone with zinc dust. 

Anthracene crystallises in colourless monoclinic tables, showing a 
beautiful blue fluorescence. It dissolves with difficulty in alcohol and 
ether, but easily in hot benzene. Picric acid unites vath it, yielding 
Ci4Hio QH2(N02)50H, crystallising in red needles, and melting at 138°. 

When the cold saturated solution of anthracene in benzene, or, 
better, in xylene (B. 26, R. 547), is exposed to sunlight, a dimolecular 
modification of anthracene, para-anthracene (Ci4Hio)2, separates out 
in plates. It dissolves with difficulty in benzene, is not attacked by 
nitric acid or bromine, melts at 244®, and, in so doing, reverts to 
common anthracene. 

/CH. ,CRv 

Alkylic Anthracenes. — (a) C4H4 <^^^^c\H 3R : ( 6 ) c,H 4<^ 

Benzalkyl derivatives meso- or y-Alkyi 

denvatives. 
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(a) The benzo-mono-alkylic anthracenes can exist in two isomerides 
(a- and jS-). 

a-Methyl-anthracene CeH4(CH2)CeH3[i]CH„ m.p. 86®, is formed by 
zinc dust distillation from i, 4-chloro-methyl-anthraquinone {J, pr, Ch, 
2 , 83, 201 ). 

j3-Methyl-anthracene CeH4(CH2)C6H3[2]CH3, m.p. 207®, closely 
resembles anthracene, and is found in the crude anthracene of coal-tar. 

At high temperatures it is formed out of ditolyl-methane and ethane 
(J. pr, Ch, 2, 79, 555) ; also by boiling benzoyl-xylol C 3 H 5 CO.C 3 H 3 
(CHa)^ ; by reduction of jS-methyl-anthraquinone with zinc dust 
(A. 311, 181) ; and from vegetable chrysophanic acid and cmodtn, 
w'hich are hydroxylated methyl-anthraquinones. By oxidation with 
nitric acid, methyl-anthracene forms methyl-anthraquinone, and with 
chromic acid mixture and oxidation of the methyl group it forms 
anthraquinone-carboxylic acid. In sunlight it polymerises like 
anthracene to dimethyl-dianthracene, m.p. 229° (C. 1899, II. 623). 

1, 6 - and 2, 6 -Dimethyl-anthracene Cj4Hg(CH3)2, m.p. 240® and 244®, 
are formed together from toluol and methylene chloride or acetylene 
tetrabromide with AICI3 (method 2). The second body has also been 
obtained by boiling m-xylyl-tolyl-ketone (C. 1910, II. 1386 : 1911, I. 
1294). From the aniline oils of high boiling-point also a dimethyl- 
anthracene has been obtained. 

{b) Meso- or y-alkyl- anthracenes are obtained from the alkylic 
hydranthranols by the elimination of water. 

This happens on boiling them with alcohol, hydrochloric acid, or picric 
acid (A. 212, 100). Alkylic oxanthranols are formed upon oxidation : 
y-ethyl-, iso-butyl-, and amyl-antbracenes, melting at 60°, 57®, and 59®. 
y-Phenyl-anthracene Ci|H 9 (C 3 H 5 ), melting at 152®, is obtained from 
phenyl-anthrone. 

y- or 9, 10-Diphenyl-anthracene C3H4(C.C3H3)2CeH4, m.p. 240®, 
from diphenyl-dioxy-anthracene hydride with zinc dust and glacial 
acetic acid (C. 1904, II. T17 , 1906, I. 44). 

y- or 9, 10-Dimethyl-anthraceneC3H4(C.CH3)2C3H4, melting at 179°, 
is dpri\cd from its dihydride, the condensation product obtained from 
ethidene chloride and benzene by means of AI2CI3 (see B. 21, 1176). 

9, 10-Dibenzyl-anthracene C3H4(C.CH2C6H3)2CeH4, m.p. 240®, is 
formed by prolonged boiling of anthracene with benzyl chloride and a 
little zinc dust in CS2 solution (C. 1902, II. 745 ; 1904, II. 1136). 

Substituted Anthracenes . — Chlorine and bromine acting upon the 
CSj solution of anthracene first substitute the middle CH groups with 
the production of y-mono- and dihalogen-anthracenes. y-Dibromo- 
anthracene is also formed by the action of bromine upon anthracene 
hydride. 

The action of nitric acid upon anthracene easily produces anthra- 
quinone and nitrified anthraquinones. But on nitrifying with acetic 
anhydride and sulphuric acid in glacial acetic acid at i5®-20®, we obtain 
9-nitro-anthraceD6 C,4H9.N02, yellow needles, m.p. I45®-I46®, which 
may be distilled under reduced pressure, and 9, lO-dinltro-anthracene 
CioH 8(N02)2, m.p. 294®. These compounds are easily obtained in- 
directly. On digesting anthracene in glacial acetic acid with one 
molecule nitric acid at 3o®-35°, we obtain the acetate of nltro-hydran- 
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thranol which, with HCl, yields the corre- 

spending chloride, with N2O3 the nitrite, and with alcohol the ethers, 
also produced direct on nitrifying with HNO3 and the alcohols. On 
treatment with alkali, the chloride forms 9-nitro-anthracene, and 
this, treated with NO2 in chloroform, gives trinitro-hydran thranol 

(N0,),C<^^*^*^CH(N02), which, with alkali, yields 9, lo-dinitro-anthra- 

cene. In a similar manner, 9-ethyl-lO-nitro-anthracene Ci 4 Hj.,(C 2 H 5 ) 
(NOg), m.p. 135°, has been obtained from ethyl-anthracene. By boiling 
with alcoholic potash, 9-nitro-anthracene has been transposed, by way 
of several intermediaries due to the addition of potassium alcoholate, 

etc., into an thraquinone - oxime )c : noh 

(cp. 9-nitro-phenanthrene). When nitric acid acts upon anthracene 
in iso-butyl alcohol, we obtain nitro-anthrone C 0 (C 6 H 4 ) 2 CH.N 02 , 
wliich is converted by alkali into a red isomer CO(C3H4)2C : NOOH (?) 
(A. 330 , 133 ; B. 42 , 1216). 

9- or meso-Amido-anthracene, anihramine, m.p. i45°~i5o°, from 
9-nitro-anthracene with SnCl2 and HCl ; dinitro-anthracene cannot 
be reduced to diamido-anthracene. The 9-anthramine, like the a- or 
l-anthramine, m.p. 130°, and the j 3 - or 2-anthramine, m.p. 237"", has 
also been o])taincd from the corresponding oxy-anthracenes by heating 
with NH3. With diazo-benzol chloride, the 9-ami do-anthracene unites 
to form benzol-azo-meso-anthramine CgH^N : N.Ci4H8.NH2, m.p. 183°, 
which is split up by acids into anthraquinone, phenyl-hydrazin, and 
ammonia (B. 40 , 518), and passes on reduction into the easily oxidised 
1, 4-anthra-diamine (B. 41, 1434) ; meso-phenyl-anthramine, m.p. 
203° (C. 1909, II. 1249), 

Anthracene -sulphonic acids are formed from anthracene with 
sulphuric acid, and by reduction of anthraquinone-sulphonic acids. 
1-Anthracene-sulphonic acid, see B. 37 , 70. On moderate treatment 
with dilute sulphuric acid, anthracene yields 2-anthracene-monosul- 
phonlc acid Ci4H9.S03H, chloride, m.p. 122° (B. 28 , 2258). Concen- 
trated H2SO4 produces i, 5- and i, 8-anthracene-disulphonic acids 
(chlorides, m.p. 249° and 225°), which, on fusion with potash, form the 
corresponding dioxy-anthraccnes riijol and chrysazol (B. 42 , 1413). 

/CH. COH. 

Oxy-anthraccncs : (i) CeH*/ j XeHgOH. (2) CeH4<' ; 

(i) a- and j3-Honoxy-anthracene, a- and j3-anthrol, behave like 
phenols or naphthols. a-Anthrol, from i-anthraccne-monosulphonic 
acid by fusion with potash, forms yellowish flakes, melting at 152"' 
(B. 37 , 71). jS-Anthrol, from ^-anthracene-sulphonic acid and ^-o.w- 
anthraquinone, is changed by nitrous acid to a-nitroso-j8-anthrol 
C8H4(CH)2C3H2(0H)(N0), wliich, upon reduction, yields a-amido-jS- 
anthrol. The latter may be oxidised to 1, 4 - anthraquinone 
CH--C-Ca-CH 

C8H4V I II II . melting with decomposition at 208®, and similar 
^CH— C— CO— C H 

to a-naphtho-quinone (B. 39 , 926 ; 41 , 1434 , A. 344 , 78). i, 2- 
Anthraquinone, similarly formed from the a-anthrol, gives on reduc- 
VOL. II. 2 z 
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lion with zinc dust and glacial acetic acid 1, 2-anthra-hydroquinone 
CeH4(CH)2CeH2(OH)2, m.p. 131® with decomposition (A. 342 , 59). 
The anthrols can only be oxidised by CrOj to oxy-anthraquinories 
after acetylating the OH group (cp. oxidation of phenols). The i, 2- 
anthra-hydroqumones in this manner yields alizarin. 

Benzo-dioxy-anthracenes. — Two isomeridcs— chrysazol and mtoU 
m.p. 225'" and 265*" — having the formula OH.CgHg ; (CH)2 : C^HgOH, 
are obtained from a- and jS-anthracene-disulphonic acids. When their 
acetyl derivatives are oxidised and saponified, chrysazine and anthra- 
rufin result. These are the corresponding dioxy-anthraquinones. 

2 , S-Dioxy-anthracene, decomposing at 180° by reduction of 
hvstazarin-dimethyl ether with zinc dust and NHg, and saiH)nification 
\uth HI (A. 342 , 90). 

(2) meso - Oxy - anthracene, anthranol >CbH4, yellowish- 

brown needles, m.p. 120"^ when quickly heated, desmotropic with 
anthrone colourless brilliant needles, m.p. 155° (A. 

379 , 37). The latter is formed synthetically from o-benzyl-benzoic 
acid with concentrated sulphuric acid at 90° (B. 27 , 

2789), also from phthalide chloride, benzene, and AICI3, and is 
obtained by reduction of anthraquinone with tin or zinc and glacial 
acetic acid besides dianthryl ^ 79 , 55 ; C. 1908, II. 1218). 

Anthranol acetate, m.p. 134°, is also formed by the oxidation of 
anthracene and PbOg m glacial acetic acid (A. 379 , 75). The anthrone 
is insoluble in cold alkali, but dissolves on heating with formation of 
salts of anthranol, which can be precipitated from this solution by a 
careful addition of dilute H2SO4. The isomers capable of independent 
existence in the solid state, form, on solution or melting, an allelotropic 
mixture of both forms, in which the more stable anthrone is predomi- 
nant. The solutions therefore show reactions characteristic of both 
forms : on heating with pcctic anhydride w’e obtain anthranol acetate, 
but on alkylating with CgHgl and potash we obtain, simultaneously, 

anthranol - ethyl ether liquid, ethyl - anthranol- 

ethyl ether ctK m.p. 77°, and diethyl - anthrone 

>00, m.p. 130° (B. 21 , 2505). With benzaldehyde, 

anthrone condenses, under the influence of piperidin, to benzylidene- 
anthrone CjHjCH : C(CgH4)2CO, yellow needles, m.p. 127° (C. 1906, I. 
138) : with benzo-phenone chloride to diphenyl - anthraquinone- 
methane (CgHj)2C : CfCgHJ^CO, m.p. 196° (C. 1910, I. 1722). With 
benzol - diazoniifm chloride it forms benzol - azo - anthranol 

C,H.N : COH, m.p. 183°, identical with the anthraquinone- 

monophenyl-hydrazone formed from dibromanthrone CBr2(CgH4)2CO, 
m.p. I57^ and phenyl-hydrazin (B. 40 , 518). By the action of atmo- 
spheric oxygen, or mild oxidisers like FeClg, HgO, etc., anthrone and 
anthranc)! are oxidised to meso - dihydro - dian throne CO(C0H4)2CPI. 
CH(CgH4)2CO, m.p. 245'', which is also obtained from mono-brom- 
anthrone, m.p. 148“^, by heating with copper powder. It is insoluble 
in alkalies, but, on heating with alcoholic alkali, it forms the alkali 
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salt of dlantbranol yellowish crystals, m.p. 

O -1 , , \^ 6 “ 4 X \^e^ 4 / 

230 , easily obtained by reduction of anthraquinone, with zinc dust and 
soda under pressure at 160°, and transposed by alcoholic HCl into meso- 
dihydro-dianthrone. By oxidation with FeClg it passes into the 
dianthrone CO(C0H4)2C : C(CflH4)2CO, analogous to dipheno-quinone, 
in the shape of a lemon-yellow powder from which zinc dust and glacial 
acetic acid regenerate dianthranol (M. 30 , 165). 

j3-Methyl-anthrone, m.p. 87° (C. 1910, I. 1722). Oxy-anthrone 
^C4H3(0H), m.p. 221°, is prepared from oxy - dimethyl- 

methanc-o-carboxylic acid (B. 31, 2793). Dimethyl-amido-anthrone 
Ci4HioO[N (0113)2], *^*P- 8o°- 85°, is obtained from o-dimethyl-amido- 
benzyl-benzoic acid, with H 2 SO 4 (A. 307, 313). 

X(OH). 

Dioxy-anthrone C4H4/ | )c.h,(OH) 2, so-called anthrarobin, results 

when alizarin is reduced with zinc dust and ammonia. It has been 
applied therapeutically in certain skin diseases. 

A few isomeric dioxy-anthranols have been obtained by reduction 
of quinizarin, anthra-rufin-hystazarin, and chrysazin with HI (B. 35 , 
2923, 2930 ; 36 , 2938). 

meso-Phenyl-anthrone C 3 H 5 CH(C 3 H 4 ) 2 CO, m.p. I4i°-i44°, is formed 
when sulphuric acid acts upon triphenyl-methane-o-carboxylic acid. 
Its oxidation product is phenyl-oxanthrone. It yields phenyl-anthra- 
cene by reduction. Substituted triphenyl-methane-carboxylic acids 
form substituted phenyl-anthrones. In accordance with their source, 
the hydroxyl - phenyl - anthrones, like dioxy - phenyl - anthrone, 

have been designated phthalidins because 

they are formed from the phthalins, the reduction products of the 
phthaleins or diphenol-phthalides. When oxidised, the phthalidins 
become phthalideins, hydroxyl-phenyl-oxanthranols. 

Diphenyl-anthrone CeH4<^^^»^*)*^C4H4, m.p. 192°, is a derivative 

of anthrone. It is obtained by condensing unsym. phthalylene 
tetrachloride with benzene, as well as from phenyl-oxanthrone by 
means of benzene and sulphuric acid (B. 28 , R. 772). 

On reduction with zinc dust and glacial acetic acid it yields 9, 9- 
diphenyl-dihydro-anthracene. Mixed diaryl-anthrones are obtained, 
either from phenyl-oxanthrone, benzene homologues, and H2SO4, or, 
with benzene derivatives and AICI3, from phenyl-oxanthranyl chloride 

latter is formed from diphenyl- 

phthalide on heating with PCI5 to 140® (C. 1898, I. 209 ; 1899, II. 
204). With phenols it condenses on simply heating the components 
to form oxy-diphenyl-anthrones (B. 38, 3802). meso-Dlchloranthrone 
CO(C3H4)2CCl2, m.p. 133°, from o-tolyl-phenyl-ketone by heating 
with chlorine to 120®, or by heating anthrone with Cl, gives, with 
dimethyl-aniline and AICI3, tetramethyl - diamldo - diphenyl - anthrone 
[(CH3)2NC3H4]aC(C3H4)3CO, yellow needles, m.p. 278° (C. 1903, 

I. B37). 

From anthrone, also, the group of anthro-cumarins can be derived. 
These are produced by condensing cinnamic acids and oxy-benzoic 
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C H — C CH\ 

acids by means of sulphuric acid. Anthra-cumarln H — o/ 

m.p. 260®, from m-oxy-benzoic acid and cinnamic acid ; dloxy-anthra- 
cumarin, styro-gallol, from gallic and cinnamic acids (B. 20 , 2588, 3143 ; 

C. 1899, II. 967). Cp. also the benzoin yellow c‘oirc.^(0^0^‘”‘ ) 

produced from benzoin and gallic acid (B. 31 , 2975). 

meso - Dioxy - anthracene, anihra - hydroquinone 0*114 \^|qj 
brown needles, with a diaceto-compound melting at 260'^, desmotropic 
with oxanthrone white needles with a yellow 

tinge, m.p. 167®, are related to each other like anthranol and anthrone, 
except that mutual transformation in solutions is exceedingly slow, 
and that the enol-forin, anthra-hydroquinone, is the more stable. 
Anthra-hydroquinone is formed by reducing anthraquinone with 
zinc dust and potash ; it oxidises back to anthraquinone in the air. 
In alkalies it easily dissolves with a red colour. Treatment with 
alcoholic HCl converts it, to a slight extent, into oxanthrone, which is 
easily obtained by heating bromanthrone with aqueous acetone, or 
direct, by the action of bromine upon anthracene in aqueous acetone 
solution. Reduction with zinc dust and glacial acetic acid produces 
anthranol and anthreme respectively. Heating with alkali or alcoholic 
HCl converts oxanthrone into anthro-hydroquinone. On alkylating 
anthra-hydroquinone wath alkyl iodide or dialkyl sulphate and alkali, 
the mono- and dialkyl ether of anthra-hydroquinone and alkyl- 

oxanthrone are obtained together (A. 379 , 43). 

Anthracene - carboxylic Acids. — The a- and jS-acids CeH4(CH)2 
CgHgCOOH are formed from the anthracenc-monosulphonic acids by 
means of the cyanides, and from the anthraquinonc-carboxylic acids 
by reduction with ammonia and zinc dust ; the a-acid melts at 245°, 
the jS-acid at 2S1''. 

meso-Anthracene-carboxylic acid is formed from its chloride, w^hich 
IS produced when anthracene is heated with phosgene or, better, oxalyl 
chloride, to i0o° (B. 44 , 205). It melts at 217° with decomposition. 
Chromic acid oxidises it to anthraquinone. 

meso-Benzoyl-anthracene, anthra-phenone ChH,. COCgHj, m.p. 148°, 
is obtained from anthracene, benzoyl chloride, and zinc dust or AICI3. 
In the latter case two isomers, melting at 75° and 203® respectively, are 
also obtained (B. 33 , 816 ; 34 , 2766). 

Hydro-anthracenes. — Anthracene dihydride Ci4H,2 results from the 
action of sodium amalgam upon the alcoholic solution of anthracene. 
It can also be obtained by many other synthetic methods. On heating 
with hydriodic acid or with hydrogen and nickel at 2oo°-25o°, wc 
obtain tetra-, -hexa-, -octo-, and -perhydride Cx 4 H„, ^ 14 ^ 16 , C 44 Hjg, 
and C14H24, m.p. 89®, 63°, 71°, and 88°, b.p. 310°, 290°, 293°, and 270° 
(B. 21 , 2510 ; 41 , 996 ; A. Chim. Phys. 8, 12 , 468). 

meso-Alkylic derivatives of anthracene dihydride arc produced in the 
reduction of the alkyl-oxanthrones, and meso-dialkyl derivatives syn- 
thetically from alkylidene chlorides, benzene, and AICI3. 

meso-Dimethyl-anthracene hydride CgH4(CH.CH3)2CgH4, m.p. i8i°, 
yields anthraquinone by oxidation (A. 235 , 305), just as benzo-phenone 
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is obtained from unsym. diphenyl-ethane. It is obtained from ethy- 
Hdene chloride, benzene, and AICI3. meso-Dipheny 1 -anthracene hydride, 

m. p. 153°, from benzal chloride, benzene, and AICI3, besides triphenyl- 
methane (Am. Ch. J. 13 , 556). 

9 , 9 -Diphenyl-(lihydro-anthracene (Cfi^)2C{C^ll^)^C}i2> ^n p- 
by reduction of diphenyl-anthrone with zinc dust in glacial acetic acid 
(B. 38 , 1800). 

Anthraquinone or diketo-dihydro-anthracene must be included with 
the derivatives of dihydro-anthracene. Thereto belong also : 

Anthrone and oxanthrone, which have already been discussed in 
connection with anthranol and dioxy-anthraquinone. We must also 

include dihydro -anthranol 6H4, m.p. 76®, obtained 

by reducing anthraquinone with zinc dust and ammonia. It easily 
decomposes into water and anthracene on standing in air. The 

alkyl derivatives of dihydr«-anthranol /CeH4 are 

obtained by reduction of the alkyl-oxanth rones, or, direct, by the 
reduction of anthraquinone with zinc dust and soda in the presence of 
halogen-alkyls. Like dihydro-anthranol, they easily split off water on 
boiling with HCl and pass into y-alkyl-anthracenes (B. 18 , 2150 ; 24 , 
R. 768 ; A. 212 , 67). 

meso - Triphenyl -hydranthranol (C6H5)2C(CgH4)2C(OH)C6H5, m.p. 
200°, from diphenyl-anthrone with CgHj^MgEr, gives on reduction 
triphenyl - hydranthracene (C6H5)2C(C3H4)2CHC6H5, m.p. 220°. The 
latter also results from the condensation product of triphenyl-methane- 
carboxylic ester with C^H^MgEr by treatment with HgSOi (C. 1904, 

n. 530). 

Phenyl-oxanthrone is formed by the oxidation of phenyl-anthrone, 
and the action of C^HgMgBr upon anthraquinone. In a similar manner, 
several further meso-aryl- and meso-alkyl-anthracenes have been 
converted into the corresponding oxanthranones. Thus we get the tetra- 

methyl - dlamido - phenyl - oxanthrone 

m.p. 213°, from the condensation product of tetramethyl-diamido- 
diphenyl-methane-o-carboxylic acid. It combines with dimethyl-aniline 
and POCI3 to form the dyestuff Phal green, the chloride of the base 

c.h<c 1 S 1 [c;S;n(cS!S>c.h»N(CH,). (C. 1903. n. nso), which is 
based upon diphenyl - dioxy-anthracene hydride C6H4[C(OH)C6H5]2 
C8H4, m.p. 242°. The latter, from anthraquinone with phenyl-mag- 
nesium bromide, condenses easily, like meso-triphenyl-hydranthranol, 
with phenols and aromatic amines to tetra-aryl-dihydro-anthracenes 
(C. 1904, I. 814 ; 1905, I. 744). 

Dimethyl- and diethyl-dioxy-anthracene hydride CeH4[CR(OH)]2 
CeH4, m.p. 181° and 175°, from anthraquinone, with methyl- and ethyl- 
magnesium iodide respectively (C. 1906, I. 47). 

Anthraquinone, diphenylene-dikeione C4H4(CO)2C4H4, melting at 
285® and boiling at 382®, sublimes in yellow' needles. It is not only 
produced by synthetic methods, but also quite easily by the oxidation 
of anthracene with a chromic acid mixture (technical preparation, A. 
Suppl. 7 , 285), as well as from anthra-hydride, meso-dichloro-, dibromo-, 
and dinitro-anthracene. It is, compared with the isomeric phenanthra- 
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quinone, very stable toward oxidants. It combines with hydroxyl- 
amine to anthraquinone-oxime, subliming above 200°. Sulphurous 
acid does not reduce it (unlike the true quinones). 

It reverts to anthracene if heated to 150® with hydriodic acid, or 
with zinc dust and ammonia. A variety of intermediate products are 
obtained in this reaction by simply applying different reducing agents : 


C,H. 




)c.H, _ c.h.<^|0H))c.h. or 

anthrone 

or c,H4<('^^* \c,H4 c,H4<('ch\c,h4 


Unknown 


/co- 

Anthraqumonc Anthra-hydroquinone Oxanthrone 

-H,0 

''■"'''C(OH) —■•\CO "■••\CH(OHK CH^ 

Anthranol Anthrone Dihydro-antbranol Anthracene. 


On digesting with zinc dust and soda, anthra-hydroquinone is formed, 
and its red alkaline solution, shaken in air, regenerates anthraquinone 
(qualitative test for anthraquinone). 

WTien fused with potassium hydroxide (at 250°), it decomposes into 
two molecules of benzoic acid ; heated with soda-lime, it yields benzene 
and a little diphenyl. 

Homologous anthraquinones are obtained partly in the synthetic way 
and in part by the oxidation of benz-alkylic anthracenes. 

Methyl-anthraquinone CgH4(CO)2C8H3.CH3, melting at 177°, from 
nitric acid and methyl-anthracene, is also present in crude anthra- 
quinone. 

Substituted Anthraquinones. — Halogen-anthraquinones are formed 
(i) by the action of chlorine or bromine upon anthraquinone ; (2) from 
chloro- and bromo-anthracenes by oxidation ; (3) from amido-anthra- 
quinoncs by means of their diazonium salts (B. 37 , 59) ; (4) by the 
action of chlorine and bromine upon anthraquinone or anthraccne- 
sulphonic acids in aqueous solution, the sulpho-groups being easily 
replaced by halogen (C. 1909, I. 414 ; 1911, I. 102) ; (5) by synthesis 
from halogen-benzo-phenone-o-carboxylic acids : l-chloro-, bromo-, and 
iodo-anthraquinone, m.p. 209°, J05”, and 176® ; from 2-bromo-anthra- 
quinone and from dibromo-anthraquinone, alizarin is obtained by 
fusing: \Nith potash. The halogen atoms in the a-position can easily 
be replaced by the groups OH, OR, OCgH^, NHg, and NHR on heating 
with lime-water, sodium alcoholate or phenolate, ammonia or amines, 
if necessary with an addition of copper salts. 

Nitro- anthraquinones. — From anthracene or anthraquinone, by 
heating with nitric acid, we obtain besides 1-nitro-antbraquinone, 
m.p. 230®, chiefly 1, S-dinitro-anthraquinone (C. 1906, I. 1070). 2 - 
Nitro-anthraquinone, m.p. 185®, has been obtained from 2-amido- 
anthraquinone by transposition of the diazonium salt with sodium- 
copper nitrite ; also from 3-amido-2-nitro-anthraquinone, by elimin- 
ating the amido-group ; and synthetically from o-benzoyl-p-nitro- 
benzoic acid (B. 37 , 4435 ; 38 , 295). By moderate alkaline reduction 
of the nitro-anthraquinones we obtain comparatively stable ) 3 - 
hydroxyl-amino-anthraquinones Ci4H702(NH0H), Ci4H302(NH0H)2, 
which, by transposition with acids, yield amino-oxy-anthraquinoncs 
(B. 35 , 666). 

Amido-anihraquinones and their derivatives have lately acquired 
great technical importance, since some of them, like the benzoyl-amido- 
anthraquinones and tri-anthraquinone-di-imides, have the character 
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of vat dyes, and some of them, like 2-amido-anthraquinone, can be 
easily converted into these by simple operations. Vat dyes are dyes 
insoluble in water and alkalies, which can be converted by alkaline 
reduction into hydro-compounds soluble in alkali, and then have the 
faculty of combining with the fibre, and of regenerating the original 
dye on the fibre by subsequent oxidation in air. All vat dyes contain 
one or more CO groups, and their character depends upon the possibility 
of converting these groups into OH groups capable of forming salts. 
The vat dyes are mostly distinguished by their great permanence 
(B. 43 , 987 ; Ch. Ztg. 34 , 731). 

Amino-anthraquinones are formed (i) by the reduction of nitro- 
anthraquinones ; (2) synthetically from amino-benzoyl-o-bcnzoic 

acid by condensation (C. 1909, T. 475) ; (3) by replacing nitro-, halogen-, 
sulpho-, and hydroxyl-groups in the a- or i-position in anthraquinone 
by NHjj or NHR groups, on heating with ammonia, amines, and 
particularly anilines, with the possible addition of copper powder 
(C. 1901, II. 1379 ; 1902, II. 368, etc.). 1- and 2-Ammo-anthra- 
quinone, red needles, m.p. 242"^ and 302^". The 2-amino-anthra- 
quinone is converted, by fusion with potash at 250°, into the interesting 
and valuable vat dye indanthrene (q.v.), and under different conditions, 
such as heating with aluminium chloride or, better, by boiling with 
antimony pentachloride in nitro-benzene solution, into the similar but 
yellow-coloured jJavanthrene (q.v.) : 

CO 

till 
I 1 i 1 

\/ \y y 

I I I I 

I I ! I 

CO^ 

Flavanlhrene. 

Di- and poly-amido-anthraquiiiones have been obtained by the 
reduction of poly-nitro- or nitro-ainido-anthraquinones, usually with 
sodium sulphide : 1, 4-, 1, 5-, and 1, 8-diamido-anthraquinones melt 
at 2()8°, 319°, and 262° (C. 1902, II. 1232 ; B. 38, 637). i, 2- and 2, 3- 
Diamido-anthraquinones condense like o-phenylene - diamines with 
o-diketones to azins (B. 37, 4531 ; C. 1906, II. 80). 

As already mentioned, numerous acyl-dcrivatives of amido-anthra- 
quinones, especially benzoyl -amido-anthraquinones, are directly 

useful as vat dyes. The latter are either obtained from amido-anthra- 

quinoiies with benzoyl chloride or from halogen-anthraquinones with 
benzamide and copper pow’der. Benzoyl-a-amido-anthraquinone and 
dibenzoyl-i, 5- and r, 8-diamido-anthraquinone give yellow^ colora- 
tions, w^hich are slightly displaced tow^ards red by the substitution. 
The amido-anthraquinone derivatives of dicarboxylic acid, malonic 
acid, succinic acid, phthalic acid, etc., possess to some extent the 
character of vat dyes. To these belong the dyes known as algol- 
yellow W.G., algol-pink R, and algol-scarlet G. 


CO 



CO 

Indanthrene 
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Dianthra-quinonlmides, dianthrimides 

and trianthraquinone-dl-imides, trianthrimides A— NH— A— NH—A 

are formed by the condensation of mono- and diamido-anthra- 
qninones with halogen-anthraquinones by boiling the components 
with sodium acetate in nitro-benzol with perhaps some copper 
powder (C. 1905, 11. 1206). They possess an immediate dyestuff 
character, though some of them require further transformations to 
produce vat dyes. Some of their names are : indanthrene-claret B, 
indanthrene-red G, algol-orange R, algol-claret 3B, and algol-red B. 

Like o-amido-benzaldehyde and o-amido-acetophenone, a-amido- 
anthraquinone is capable of forming heterocyclic ring-systems, the 
linkage being in the i, 9-position with respect to the anthraquinone 
nucleus. Thus, by condensation with acetone and soda, analogous to 
the formation of quinaldin from o-amido-benzaldehyde, we obtain a 

c-methyUanthra-pyridin (C. 1907, II. 863). With 

urethane, a-amido-anthraquinone combines to form anthra-pyrimidone 
C J J 

Co~C H !s"H 327)* formamide to anthra-pyrimidin 

C H C** N CH 

(C. 1910, I. 1305). Other hetero-ring formations, see 

C. 1902,^11. 3f)8 ; 1906, II. 386 ; 1908, II. 1658. 

The action of NO3H upon the free amido-anthraquinones leads to 
the very btable nitro-nitramino-anthraquinones (B. 37, 4227). The 
simplest l-nitramino-anthraquinone C 14 H 7 O 2 .NHNO 2 , yellow needles, 
m.p. IQ3'' with decomposition, is formed by the oxidation of i-anthra- 
quinoiie-diazonium sulphate with sodium hypochlorite (C. 1905, 1. 313). 
Somewhat easier is the nitrification of the acetyl compounds and the 
urethanes of the amido-anthraquinones, the former yielding chiefly 
p-nitro-, and the latter o-nitro- and o, p-dinitro-amido-anthraquinones 
(C. 1906, II. 468). 

On broinination i-amido-anthraquinone gives 2-bromo- and 
2 , 4-dibromo-anthraqainone, m.p. 181° and 222°, whereas 2-amido- 
anthraquinone gives the 1, 3 -dibromo- 2 -amido-anthraquinone (B. 40, 
1701 ; C. 1905, I. 1447). The 2-bromo-compound is of especial 
interest, since, by heating with sodium acetate in nitro-benzol solution 
and addition of copper chloride, it can be transformed into indanthrene 
(C. 1905, I. 843). 

Anihraqinnone^ sulphonic Acids , — Heating anthraquinone with 
fuming sulphuric acid produces a little i-anthraquinone-sulphonic acid, 
but chiefly 2-anthraquinone-sulphonic acid, and on further sulphuration 
2, 6- and 2, 7-acids are formed. On adding some finely divided 
mercury salt to this sulphurated mixture, the i-acid is mostly produced, 
with some i, 5- and i, 8-acid. i-Monosulphonic acid, sulphurated with 
mercury salt, yields i, 6- and i, 7-disulphonic acid. Sulpho-groups in 
the i-position, on being heated with NHj, or amines, are easily replaced 
by NHg or NHR groups ; with methyl-alcoholic potash or potassium 
phenolate they are replaced by CH3O or C3H5O groups ; and on 
heating with lime-water under pressure by HO groups (B. 86, 4194 ; 87, 
66, 331, 646). On fusing with potash these acids, which contain the 
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sulpho-groups in the 2-position, yield both normal and higher hydroxyl- 
ated products : 


2 -Anthraquinone-monosulphonic acid — 



2 -Oxy-anthraqumone 

AliTarin (r ^ r)T-T\ 


2, 6-Anthraquinone-disulphonic acid 
2, 7-Anthraquinone-dibulphonic acid 



Anthra-flavinic acid (2, 6 OH) 
Flavo-purpurin (1,2,6 OH) 


— ► Iso-anthra-flavinic acid (2, 7 OH) 
— ► Anthra-purpunn (i, 2, 7 OH) etc. 


The sulpho-acicls of the amido-alkyl-amido- and aryl-amido-anthra- 
quinoncs are to a great extent valuable wool-dyes, e.g. alizarin 

saphirol NH2[8]S03ii[6]0H[5]CeH<(^^^^C«H[i]0H[2]S03H[4]NH2, obtained 
by reduction of dinit ro-anthrarufin-disulphonic acid ; alizarin pure 
blue CeH4<, QQ^C4H[i]NH2[2]Br[4]NHC7HeS03H, alizarin-cyanin green, 

anthraquinonc green, and many others. They are formed mostly 
by transformation of a-halogen, or a-nitro- or a-oxy-anthraquinones, 
with ammonia, or aliphatic or aromatic amines, and subsequent 
sulphuration (B. 34 , 2344 * C. 1904, II. 339). 

A summary of the literature of the anthraquinone-sulphonic acids 
and their derivatives is found in Chemise he Industrie, 32 , 477. 

The oxy-anthraquinones are derived (i) from the bromo- and chloro- 
anthraquinones and from the sulphonic acids on fusion with alkalies, 
when the substituting groups are replaced by hydroxyls. 

By stronger fusion there generally ensues an additional entrance of 
hydroxyl (oxy- and diuxy-anthraquinones result from the mono- 
sulphonic acids) ; the same is true in the fusion of the oxy-anthra- 
quinones (B 11 , 1613). 

(2) The oxy-anthraquinones may be S3'nthetically prepared on 
heating phthalic anhydride with phenols (mono- and poly-valent) and 
sulphuric acid to 150°. The m-oxy-benzoic acids and oxj’-benzoyl-o- 
benzoic acids also yield them when similarly treated (C. 1908, I. 1697). 

The introduction of hydrox^d into anthraquinone and the 0x3"- 
anthraquinones can be effected practically b3’' persulphates in sulphuric 
acid solution. One or several hydroxyl groups will then enter the 
anthraquinone molecule, depending upon the conditions which 
prevail (B. 29 , R. 9S8). 

Continued fusion with alkalies causes the oxy-anthraquinones to 
separate into their component oxy-benzoic acids (in the same w’av’ as an- 
thraquinone decomposes into benzoic acid), and this reaction aids in the 
determination of the position of the isomerides (B. 12 , 1293 ; A. 280 , i). 

Oxy-anthraquinones are reduced to anthracene w^hen heated with 
zinc dust. 

Individual hydrox3is in the oxy-anthraquinones are reduced b3^ 
heating the latter with stannous chloride and sodium h3"droxide (A. 183 , 
216). Heated to i5o°-2oo° with ammonia w'ater, single OH groups 
are replaced by amide groups. 

During the etherification of the oxy-anthraquinones a striking rule 
is observed, recalling the etherification of the benzoic acids. Only the 
hydroxyls in the jS-position, but not those in the a-position, are etherified 
on treatment with halogen alkyls or dialkyl sulphate and alkali. This 
behaviour has been used successfully for determinations of constitution. 
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The oxy-anthrones and oxy-anthracenes show no such impediment to 
reaction (A. 349 , 201). 

(a) Monoxy-anthraquinones Ci4H702(0H) the a- or erythro-oxy- 
anthraquinone, melting at 190°, and the jS- at 323°, are formed 
simultaneously on heating together phenol and phthalic anhydride. 
The jS-body is also prepared from / 9 -bromo- or sulpho-anthraquinoiie. 

Both oxy-anthraquinones yield alizarin when fused with caustic 
potash. 

(h) Dioxy-anthraquinones. — The members of this group containing 
two OH groups in the i, 2-position are especially interesting, because 
they unite with metallic oxides to form insoluble, very stable lakes, 
which adhere closely to the fibre. Their colour varies with the char- 
acter of the metal. They are, therefore, very valuable mordant dyes 
(B. 21 , 435, 1164) (compare the similar behaviour of the dioxy-benzo- 
phenones, and naphihazarin, etc. For the theoretical side, consult 
B. 26 , 1574). Alizarin, i, 2-dioxy-anthraquinone, is the most im- 
portant of these dyes. 

Nine of the ten possible isomeric dioxy-anthraquinones arc known. 

Alizarin, i, 2 -dioxy‘anthraquinone, melting at 290° and subliming at 
higher temperatures in orange-red needles, is the chief constituent of 
the dye of the madder root (Riibia iinctorium), in which it is contained 
as ruberyihric acid (identical with morindin, from Morinda citrifolia). 

Through the action of a ferment in the madder root, or when it is 
boiled w'ith dilute acids or alkalies, ruberythric acid decomposes into 
glucose and alizarin : 

Ruberythne acid C,,H,80j4 4*2H,0=:2CeHi20e4-Ci4He0d0H)2 Alizarin. 

The alizarin products [garancin, etc.) obtained by such decomposi- 
tions of madder root were formerly used in dyeing. At present they 
have been almost entirely supplanted by pure synthetic alizarin. 

Artificial alizarin was first obtained by Graebe and Liebermann, in 
1868, by heating dibromo-anthraquinone with potassium hydroxide. 
They had previously observed that the natural alizarin yielded anthra- 
cene when it was heated with zinc dust. Alizarin is also produced from 
dichluro- and monobromo-anthraquinone, from the two oxy-anthraquin- 
ones and anthraquinone-sulphonic acid, by fusion with caustic potash. 

Technically, it is made from anthraquinone prepared from purified 
(50 per cent.) anthracene. The latter is converted by fuming sulphuric 
acid into anthraquinone-monosulphonic acid, which is then fused under 
pressure for several days with caustic soda at a temperature ranging 
from i8o°-2oo°. Potassium chlorate is added as an oxidising agent. 
The product of the reaction is sodium-alizarin, which is then decom- 
posed with hydrochloric acid and brought into the market in the form 
of a paste (10-20 per cent.). 

Alizarin also results, together with isomeric hystazarin, on heating 
phthalic anhydride with pyro-catechin and sulphuric acid. 

Alizarin dissolves readily in alcohol and ether, and sparingly in hot 
water. It dissolves with a purple-red colour in the alkalies ; lime and 
barium salts throw out the corresponding salts as blue precipitates. 
Alums and tin salts produce red-coloured precipitates (madder lakes) ; 
while ferric salts form blackish-violet, and chromium salts violet-brown 
precipitates. 
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In cotton dyeing and printing the beautiful red lake and the almost 
black iron lake are generally employed. The goods are mordanted with 
alumina (by immersing them in aluminium acetate and then heating, 
whereby aluminium hydroxide is deposited on the fibres) and then 
dipped into the solution of alizarin ; the resulting alizarin aluminate 
is fixed by the fibres. In dyeing with turkey-red it is customary to 
mordant the cloth with oil and alum, when the alumina then unites 
both with the oleic acid and with the alizarin. 

Alizarin is decomposed by protracted fusion with caustic potash into 
benzoic and proto-catechuic acids. 

Alizarin-dimethyl ether Ci4He02(0CH3)2, m.p. 215°, results from 

l, 2-dimethoxy-anthrone on oxidation, and from i-nitro-2-methoxy- 
anthraquinone by heating with methyl-alcoholic potash. On saponi- 
fication with concentrated H 2 SO 4 it yields the alizarin- 2 -monomethyl 
ether, m.p. 230°, also obtained by direct methylation of alizarin (A. 349, 
201). The isomeric alizarin-l-monomethyl ether, m.p. 179'', hitherto 
unobtainable by synthesis, is found, besides hystazarin-monomethyl 
ether and anthragallol-i, 2-, and -i, 3-dimethyl ether, in the root of 
Oldenlandia umbellaia chaz root *') (C. 1908, I. 646). 

jS-Nitro-alizarin, alizarin orange CgH 4 (C 0 ) 2 C 6 H( 0 H) 2 ( 3 )N 02 , consists 
of orange-red leaflets, melting at 244°. It is produced by nitrating 
alizarin in glacial acetic acid or by the action of NO2 vapours. It is 
prepared technically. Its alumina lake is orange in colour. 

The ^-amido-alizarin obtained by the reduction of ^-amido-alizarin 
forms with acetic anhydride an anhydro-base, and therefore contains 
the NH2 group in the o-positioii with respect to an OH group (B. 18, 
1666 ; 35 , 906). 

Alizarin blue, a derivative of anthraquinolin (B. 18, 447 ), results 
upon heating it with glycerol and sulphuric acid. (See Skraup's quino- 
lin synthesis) (B. 18, 447 ). The isomeric a-nitro-alizarin CgH4(CO)2 
C6H(0H)2[4]N02, m.p. 195°, is formed by nitrifying diacetyl-alizarin 
(cp. B. 24, 1610 ). The a-amido-alizarin obtained by reduction gives, 
with glycerin, nitro-benzol, and sulphuric acid, a green dye, alizarin 
green, isomeric with alizarin blue. 

l-Oxy-2-amido-anthraquinone, alizarin amide Ci4H602(0H)NH2, 

m. p. 225°, is obtained by heating alizarin with ammonia water to 200^ 
(B. 39 , 1201). 

Amido-oxy-anthraquinones can also be prepared from the hydroxyl- 
amido - anthraquinones obtained by the reduction of nitro-anthra- 
quinones, by transposing them w'ith sulphuric acid (B. 29, 2934 ; 35, 
666) ; also by the action of fuming sulphuric acid upon amino- and 
alkyl-amino-anthraquinones (C. 1904, II. 1013). Bromo-alizarin, see 
B. 33, 1664. Alizarin-sulphonic acid, see C. 1909, II. 244. 

Three of the dioxy-anthraquinones isomeric with alizarin contain 
the OH groups in one benzene nucleus. They are : 

(1, 3)-Purpuro-xanthin, from phthalic anhydride and resorcinol ; 
( 1 , 4 )-quinizarin, from hydroquinone ; and (2, 3)-hystazarin, from 
pyro-catechin (B. 28 , 116). They are prepared more advantageously 
from their ethers, w^hich result by the condensation of the corresponding 
dioxy-benzene ethers with phthalic anhydride and AlgClg (A. 342 , 99). 
Quinizarin is also formed in the action of concentrated sulphuric acid 
and nitrous acid upon anthraquinone and i-oxy-anthraquinone, a 
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process in which the sulphate of i-oxy-4-diazo-anthraquinone could 
be isolated, which, on further heating with sulphuric acid, splits up into 
quinizarin and nitrogen (C. 1905, II. 184). On prolonged heating with 
concentrated H2SO4, hystazarin is partly transposed into alizarin 
(B. 35 , 1778). For derivatives of hystazarin, see B. 30 , 2936. 

The following dioxy-anthraquinones containing their OH groups 
in different benzene nuclei (hetero-nuclear) have been mostly obtained 
from the corresponding disulpho-acids by heating with lime-water ; — 

1, 5-Anthrarufin, 1, 6- and 1, 7-dioxy-anthraquinone, 1, 8-chrysazin, 
2, 6-anthraflavic acid. Iso-anthraflavic acid is obtained from 
anthraquinone-sulphonic acid. Chrysazin is another isomeride. It is 
obtained from its tetranitro-compound Ci4H2(N0jj)4(02)(0H)2, the so- 
called chrysammic acid, by reduction and the replacement of the amido- 
groups. This latter acid is obtained when aloes are digested with con- 
centrated nitric acid. Consult B. 19, 2327, upon the spectra of the 
dioxy-anthraquinones. 

Homologous Dioxy-anthraquinones. — Dioxy-methyl-anthraquinone 
Ci4H5(CH3)b2(0H)2, is chrysophanic or rheinic acid, melting at 178° 
(A. 284 , 193). It exists in senna leaves (of the Cassia varieties) and in 
the root of rhubarb (from the Rheum variety), together with mcthyl- 
chrysophanic acid (A. 309 , 32). Zinc dust reduces it to methyl-an- 
thracene. 

Chrysarobin C30H36O7, a reduction product of chrysophanic acid, 
occurs in goa- and arroroba-powder, a secretion of coloured Brazilian 
w’oods. Air oxidises its alkaline solution to chrysophanic acid. The 
same occurs in the animal organism (B. 21 , 447). 

Methyl-alizarin, melting at 250^-252®, is isomeric with dioxy- 
methyl-anthraquinone. It is obtained from methyl-anthraquinone- 
sulphonic acid. It is very similar to alizarin. 

Various methyl-purpuro-xanthins have been prepared by the con- 
densation of I, 3, 5-dioxy-benzoic acid w’ith o- and m-toluic acids 
(B. 29 , K. 141). 

By the condensation of 5-methyl-phthalic acid with pyro-catechin, 
besides a methyl-alizarin, m.p. 216°, a methyl-hystazarin (OH)2[6, 7] 
C6H2(C0)2C6H3[2]CH3, has been obtained (B. 33 , 1629). 

Dimethyl-anthrarufin (CH3)(OH)C3H2(CO)2CcH2(CH3)(OH) can also 
be obtained by the action of sulphuric acid upon sym. oxy-toluic acid 

(B. 22, 3273 ). 

(c) Trtoxy-anihraquinones . — ^These are produced on oxidising an- 
thraquinone-disulphonic acids and dioxy-anthraquinones, or by fusing 
them with alkalies. 

Purpurin c,h.<(^°').C.H[i,2,4](OH),+h,o, melting at 253“ (an- 

hydrous) and sublimable, is present with alizarin in the madder root. 
It is prepared artificially by heating alizarin and quinizarin wdth 
manganese dioxide and sulphuric acid to 150°. It is also obtained 
from tribromo-anthraquinone. It dissolves with a pure red colour 
in hot water, alcohol, ether, and the alkalies. Lime and baryta water 
yield purple red precipitates. It yields a beautiful scarlet red with 
^umina mordants. 

Purpurin-amide Ci4H602(0H)2NH2 is obtained on digesting pur- 
purin with aqueous ammonia at 150®. 
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The following are isomerides of purpurin : anthragallol (i, 2, 3), a 
constituent of alizarin brown, anthra- or iso-purpurin (i, 2, 7), and 
flavo-purpurin (i, 2, 6), applied technically in dyeing and printing, and 
also oxy-chrysazin (1,2,5?), oxy-anthrarufln (1,2,5) (A. 349, 215) 
and 1, 4, 8 -trioxy-anthraquinone (C. 1905, II. 1142). Consult A. 280, i, 
for the determination of the constitution of these bodies from the 
decompositions of the disulphonic acids genetically connected with 
them. 

Homologous Trioxy-anihraquinones. — Emodin, and a trioxy-methyl- 
anthraquinone, melting at 203° and isomeric with it, are formed, together 
with rhamnose, by the decomposition of frangulin, from the bark of 
Rhamnus frangula, by means of alcoholic hydrochloric acid (B. 25 , R. 
371). Emodin also results from the decomposition of polygonine. 

An isomeric emodin is aloe emodin, m.p. 224°, which is found in 
company with barhaloin in many aloe species (C. 1898, II. 21 1) as well 
as in senna leaves (C. 1900, II. 871). On oxidation with chromic acid 
it passes into a dioxy-anthraquinone-carboxylic acid, the so-called 
rhein, which has also been extracted from Chinese rhubarb (C. 1909, 
II. 622). A trioxy-methyl-anthraquinone isomeric with emodin is 
probably the morindone, m.p. 272°, obtained by splitting up morindin, 
a glycoside from Morinda citrifolia. 

(d) Tetra- and Poly-oxy-anthraquinoncs. — When oxy-anthraquinones 
are heated with fuming sulphuric acid, new hydroxyls enter these 
bodies, para-hydrogen atoms of the non-substituted nucleus being re- 
placed (J. pr, Ch. 2, 43, 231 ; 44, 103). Thus alizarin yields quin- 
alizarin, alizarin-bordeaux C 14 H 4 O 2 - 1 , 2, 5, 8- (OH) 4 . 

Two tetraoxv-anthraquinones, anthra-chrysone and rufiopin, are 
obtained by heating symmetrical dioxy-benzoic acid and opianic acid 
or proto-catechuic acid with sulphuric acid. 

Rufigallic acid is a hexaoxy-anthraquinone 2,3, 5 . 6 , 7- 

(OH)^, which is formed when gallic acid is heated with sulphuric acid. 
It dissolves with an indigo-blue colour in alkalies. 

It dyes chrome-mordanted material bro\Mi. It appears in trade 
in conjunction with anthra-purpurin as alizarin or anthracene brown. 
Anthracene blue, formed by the action of fuming sulphuric acid upon 
di-nitro-anthraquinone, is an isomeric hexaoxy-anthraquinone. 

Anthraquinone-carboxylic acids.— a- and jS-Anthraquinone-carboxylic 
acids are produced in the oxidation of anthracene-carboxylic acids. 
The a-acid (m.p. 285°) is also formed in the condensation of benzoyl- 
phthalic acid and iso-phthalic acid (B. 29 , R. 284), and the jS-acid 
when chromic acid acts upon methyl-anthracene. The amide of the 
a-acid, treated with bromine and alkali, yields i-amido-anthraquinone 
(B. 30, 1115). Trioxy - anthraquinone - carboxylic acid, purpurin- 
carboxylic acid Ci4H402(0H)3C02H, is pseudo-purpurin, which occurs 
in crude purpurin (from madder). On heating it decomposes into 
carbon dioxide and purpurin. 

See C. 1894, II. 784, for the synthetic purpurin-carboxylic acids. 

Dianthraquinonyis. — This term is used to designate those compounds 
in which two anthraquinone residues are directly joined in the a- or 
j8-position. They are formed either on the analogy of diphenyl (i) from 
the iodo-anthraquinones by heating with powdered copper ; (2) from 
anthraquinone-dicizonium sulphates with acetic anhydride and powdered 
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copper (B. 40, 1697 ; C. 1909, II. 1906) ; or (3) on the analogy of an- 
thraquinone synthesis by dehydrating the diphenyl-diphthaloyl acids, 
obtained by heating diphenyl and phthalic anhydride in the presence 
of AlCl, (B 44, 1075) : 

c.h.<(^°>c.h..c.h.<^^o\c.h.. 

1, I'-Dianthraquinonyl^ yellowish-brown needles, by methods i and 
2 ; 2, 2'-dianthraquinonyl, m.p. 388°, by i, 2, and 3 ; 2, 2'-dimethyl- 
1, I'-dianthraquinonyl, m.p. 367°; 2, 4, 2 ' 4'-tetramethyM, I'-dian- 
thraquinonyb ni.p. 297° (B. 43, 512). 

The dianthraquinoyls are distingui heJ by the fact that they can 
be easily converted by a further fusion of the anthraquinone nuclei into 
qiiinonoid compounds with highly condensed ring systems. Thus the 
I, i-dianthraquinoyl, reduced with Cu or Ni powder and concentrated 
H2SO4, yields meso-benzo-dianthrone (similar to meso-dianthrone), 
steel-blue aggregates resembling hsematite, and passing on heating with 
AICI3 to i4o°-i45° into meso-naphtho-dianthrone (see below), blue 
needles, with rejection of 2H and further linking of two benzene nuclei 
(B. 43, 1734). The 2, 2'-dimetbyl-i, I'-dianthraquinoyl condenses, 
on heating alone, to 35o°-38o°, or, better, by boiling with concentrated 
alcoholic potash and rejection of 2H2O to pyranthrone, reddish-brown 
needles, which resembles flavanthrene in its structure and is related 
to It, as is anthraflavone to indanthrene (B. 43, 346) : 


CO 

CO 

CO 


\/\ 

fm 

V \/\/\cH 
HCii 1 ' 

I 1 

1 i 1 1 
\/\/\/ 

’ ! 

1 1, 1 

1 i 1 1 

1 1 I I 

rcc 

1 1 1 I 

1 1 1 1 

CO 

CO 

CO 

Mf^so-benzO'dianthrone 

Meso-naphthodianthrone 

Pyranthrone. 


The three compounds all possess the character of vat dyes. Pyran- 
throne more particularly is known as a specially permanent orange dye 
under the name of " indanthrene gold-orange." 

Benzantbrones. — On heating anthraquinone or, better, anthrone 
with glycerin and concentrated sulphuric acid to ioo°-iio°, we obtain 
the so-called benzanthrone with attachment of a new benzene ring in the 
I, 9-position (B. 38, 170) : 


CeH^ CH, 
C0~C,H4 


4- 


HOCH, 

HOCH, 


yCHOH 


~3H.0 

-411 


C.H,C=CH\pjj 

Co— C.Ha.CH/ 


From the amido-anthraquinone we obtain, with simultaneous 
formation of a ring containing nitrogen, benzanthronc-quinolins. 

Benzanthrone (formula above), light-yellow needles, m.p. 170® ; 
2-methyl- and 2, 4-dimethyl-benzanthrone, m.p. igg"" and 165''. 

On fusing with caustic potash the benzanthrones, except the oxy-, 
nitro-, and amido-benzan thrones, close up two molecules and form ex- 
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cellent vat dyes with a structure resembling pyranthrone and of a blue 
or violet colour. They are called violanthrenes and iso-violanthrenes. 
To these belong indanihrene dark blue, and its isomers and substitution 
products indanihrene violet and indanihrene green. 


Naphthanthracene C,H4<Q i melting at 141°, is isomeric with 


chrysene. It is formed when its quinone is digested with zinc dust and 


ammonia. 


Naphthanthraquinone CgH4(CO)2CjoHe, melting at 168°, is obtained 

/COOM 

from naphthoyl-o-benzoic acid H * same as anthra- 

quinone from benzoyl -benzoic acid (B. 19 , 2209 ; 29 , 827). 

Naphthanthraquinone is split up by melting with potash into ) 3 - 
naphthoic acid and benzoic acid (B. 19 , 2209 ; 29 , 827 ; 33 , 446). Phen- 
anthro-anthraquinone C54H3(CO)2C6H4, m.p. 234"^, see C. 1908, 1 . 1223. 

Naphthacene c.H.<; or }c..H,,m.p.335°. 

is isomeric with naphthanthracene ; it is formed from its oxygen deriva- 
tives oxy- and dioxy-naphthacene-quinone by distillation with zinc dust. 

Dioxy-naphthacene-quinone,tso-e/^rni/^/i/a/y/CeH4<^^|^|^|]^^^^^c.H4, 

CO, HC=:C-. 

m.p. 347°, red flakes, from ethindiphtalyl CeH4<^^ 

by transposition with sodium methylate, or by the oxidation of diketo- 
hydrindene with potassium persulphate ; by oxidation with HNO3 

we obtain naphthacene-di-quinone €« 

reverts very easily into the dioxy-naphthacene-quinone ; by reduction 
of the latter with phosphorus and HI we obtain dihydro-naphthacene 
CigHi4, m.p. 207*^, which with chromic acid yields naphthacene-quinone 
CioH6(CO)2CeH4, m.p. 294°, an isomer of naphthanthraquinone (B. 31 , 
1272 ; 33 , 44b). By condensation of phthalic anhydride and a-naph- 
thol, or of a-oxy-naph they 1-o-ben zoic acid with boric acid and sulphuric 

acids, we obtain monoxy-naphthacene-quinone Ce 

ni.p. 303°, which, on oxidation, easily passes into the above dioxy- 
naphthacene-quinone, and can be converted by reduction into 
naphthacene and dihydro-naphthacene (B. 36 , 547, 719, 2326). 


VI. Glycosides or Glucosides and Pentosides. 

Glycosides or glucosides are those vegetable substances which break 
down into sugars, chiefly grape sugar or glucose, and other bodies, when 
they are exposed to the action of unorganised ferments or enzymes(i*587). 
Some of them decompose into iso-dulcite or rhamnose, a pentose, hence 
they are designated as pentosides. In many glycosides the exact nature 
of the sugar is not known. The glycosides and pentosides are therefore 
to be regarded as ethereal sugar derivatives. Some of them were de- 
scribed under their decomposition products, while many have been 
synthesised. 

E. Fischer demonstrated that the simplest glucosides could be pre-* 
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pared by the action of hydrochloric acid upon alcoholic sugar solutions ; 
they have been described in Vol. I. 

A second method of forming artificial gliicosides, due to Michael, 
is based upon the mutual action of phenols and accto-chloro- or bromo- 
glucose (Vol. I.) in alkaline-alcoholic solution. 

la. Sinigrin, potassium myronate CioH„NS,OioK=C3H4N : 

-f HjO, m.p. 127° (anhydrous, 132°), is found in black mustard-seed and 
in the root of Cochlcarxa artnoracia. It crystallises from water in brilliant 
needles. On boiling with baryta water, or by the action of the ferment 
myrosin, contained in mustard-seed, it is split up into d-glucose, allyl- 
mustard oil, and primary potassium sulphate (B. 30. 2322). 

^OSO, O.CieH^^NOs 

ih. Sinalbin C8 oH44N,s,Om=C^ SC.HjjOj 4- HjO (?) is found 

CH,C4H40H 

in white mustard - seed. Myrosin decomposes it into glucose, 
sinalbin-miistard oil, and p-oxy-benzyl-mustard oil SC : NCIl2CfiH4 
[4]0H and sinapin sulphate CjgHgiNOs.HSOj. Sinapin easily splits 
up into cholin (Vol. I.) and sinapic or oxy-dimethoxy<xnnamic acid 
(CH30)2[3, 5](0H)[4]C,H2CH : CH.COOH (B. 30, 2327). 

A constitution resembling that of sinalbin may also be possessed by 
the glucosides of various cresses, such as Tropaolum mams, Lepidium 
sativum, and yasturhum officinale, which, on splitting up, give bcnzyl- 
ethvl and phenyl-ethyl-mustard oil, instead of allyl-mustard oil (B. 32, 
2335 )- 

2. Arbutln C^jHieO, and methyl arbutin CigHjgO, are found in the 
leaves of Arbutus uva ursi. Arbutin cr^^stallises in fine needles, with 
J-i molecule of water, and melts at 187® (B. 16, 800) in the anhydrous 
state. Methyl arbutin melts at 176°. It is formed artificially from 
arbutin by the action of methyl iodide and potash. 

By their decomposition we get, besides grape sugar, hydroquinone 
or mcthyl-hydroquinone : 

C,2H,A4-H,0^C,H,20 gfCeH 4(0H)2. 

3. Salicin CgHi|05.0.CgH4CH20H, m.p. 201®, saligenin glucose, 
'^ceurs in the bark and leaves of willows — e.g., Salix helix — and some 
poplars, from which it may be extracted with water. It can be artifici- 
ally prepared by reducing helicin with sodium amalgam. It forms 
shining crystals, which dissolve easily in hot water and alcohol. Its 
taste is bitter. 

Oxidants convert it into helicin, hence the saligenin in salicin is 
linked by means of the phenol-oxygen atom with the glucose. The 
enzymes ptyalin and emulsin (Vol. I.) decompose salicin into glucose 
and saligenin : 

C4H„05.0.CeH4.CH2.0H 4 H20 = CeH,20e+H0.C4H4.CH2.0H. 

Boiling dilute acids decompose it in a similar manner, but in so 
doing the saligenin is changed to saliretin. 

Salicin was discovered almost simultaneously by Leroux (1830) 
and Buchner, and its composition was cleared up by Piria in 1845 

(A. 56 , 35). 

PopuUn, the benzoyl derivative of salicin Ci8Hi7(C7H50)07+2H20, 
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occurs in the bark and leaves of Populus tremula. It can also be arti- 
ficially made by the action of benzoic anhydride or benzoyl chloride 
upon salicin. 

Helicin, salicyl -aldehyde-glucose C6H4(0.C<jHn05).CH0, is pro- 
duced by oxidising salicin with nitric acid. It reverts to salicin upon 
reduction. It can be artificially prepared from salicylic aldehyde and 
aceto-chloro-hydrose. It is broken down just like salicin by ferments 
or dilute acids. 

Glucose-cumaraldehyde CeHii05.0.CeH4.CH=CH.CH0 and 

Methyl-gluco-o-cumar-ketone result from the condensation of helicin 
with acetaldehyde and acetone (B. 24 , 3180). 

4. Gein CeH2207 is found in the root of Geum urhanum. It splits 
up into glucose and cugenol (C. 1905, I. 1329). 

5. Gaultherin C6Hjj030.CqH 4C00CH3-1-H20 is found in numerous 
species of GatiUhena and Spircea, also in Betula lenta, besides an 
enzyme '' gaiiltherase,'' by which it is split up into glucose and salicylic 
methyl ester. 

6. Coniferin Cj3H22084-2H20 is found in the cambium of coniferous 
woods, in asparagus, and in the black root of Scorzonera hispanica 
(B. 25 , 3221). It effloresces in the air, and melts at 185°. It acquires 
a dark-blue colour when moistened with phenol and hydrochloric acid. 
Boiling acids or emulsin decompose it into glucoses and coniferyl 

alcohol Q]i ^ which is oxidised by chromic acid to : 

Glyco-vanillin C8H3(0.CH3)(0.CeHii05).CH0, the glucoside of 
vanillin, melting at 192''. Acids or emulsin split it up into glucoses and 
vanillin (B. 18 , 1595, 1657). 

Syringin, methoxyl - coniferin C\7H2409+H20 — CgHnOj.O.CeHo 
(0CH3)2C3H40H, occurs in the bark of Syringia vulgaris and Ligustrum 
vulgare. It melts at 191° and shows changes similar to those of 
coniferin. 

7. Phlorizin C21H24O10, melting at 108°, occurs in the root-bark of 
various fruit trees ; hence the name, from pXolos, bark, and pCCa, root. 
It is intimately related to the pentosides : naringin and hespcridin. 
It breaks down into grape sugar and phloretin, the phloro-glucin ester 
of p-oxy-hydratropic acid, and the latter into phloro-glucin and 
phloretic acid : 

C2iH2Ao+H20-CeHi20e(GIucose) +Ci 5 Hi 405 .(Phloretin) 

C16H14O3 +H20-CeH603 (Phloro-glucin) C^HioOg (Phloretic acid). 

Administered internally, it produces strong glucosuria. 

8. .ffisculin CigHigOg-f JH2O melts at about 305® when it is 
anhydrous. It is found in the horse-chestnut, Msculus hippocastanum, 
and in the root of the wild jasmine, Gelsemium sempervirens. Acids or 
ferments resolve it into glucose and aesculetine or 4, 5-dioxy-cumarin. 

9. Daphnin Ci5Hie02-b2H20, melting at 200®, is isomeric with the 
preceding. It is obtained from the bark of Daphne alpina. It breaks 
down into glucose and daphnetin or 3, 5-dioxy-cumarin. 

10. Fraxin CigHigOjo occurs in the bark of Fraxinus excelsior, and, 
like aesculin, in the bark of the horse-chestnut. It decomposes into 
glucose and fraxetin, the monomethyl ether of a trioxy-cumarin (B. 
27 , R. 130). 
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11. Iridin C24H2eOi3, melting at 208°, occurs in the root of the 
violet, Ins florentina, etc. Dilute sulphuric acid resolves it into grape 
sugar and irigenin CigHi^Og. The latter is probably a polyoxy-ketone. 
Concentrated caustic alkali decomposes it into formic acid, an aromatic 
oxy-acid — iridic acid CjoHjjO®, melting at 118°, which, by loss of CO2, 
becomes iridol or 3-oxy-4, 5-dimethoxy-i-methyl-benzene, melting at 
57° — and irciol C7Hg04, or methoxy-phlorogliicin, melting at 186® 
(B. 26 , 2010 ; 27 , R. 514). 

12. Ruberythric acid C26H2s0,4=H0.C,4He02.0.Ci2H,^03(0H)7, 
melting at 258^-260°, is the glucoside of alizarin. It is formed in the 
madder root of Rubia iinciorum, and breaks down under the influence 
of hydrochloric acid into alizarin and glucose (B. 20 , 2244). Purpurin 
is also contained in the madder root as a glucoside. 

13. Saponarin C21H24O12 is found in Saponaria officinalis. Boiling 
with dilute mineral acids splits it up into glucose and vitexin Cj5Hi407. 
The latter, probably a flavone derivative, gives, on boiling with potash, 
phloro-glucin and p-oxy-aceto-phenone (C. 1906, II. io()2). 

14. Digitalin (Digiialinum verum, Kiliani) CgsH^^Oj^ (^) is an 
amorphous glucoside. It is the active principle of the digitalis gluco- 
sides, which occur in the leaves of Digitalis purpurea and Intca. Con- 
centrated hydrochloric acid breaks it down into digitaligenin CieH2202, 
grape sugar CeHjgOg, and digitalose C7H14O5. 

Its therapeutic action consists in its occasioning “ less frequent but 
more satisfactory heart contractions.*' ♦ 

The chief ingredient of the digitalis glycosides is without thera- 
peutic action. It is crystalline digitonin C27H4jO,3, which is resolved 
l)y aqueous alcoholic hydrochloric acid into digitogenin C,5H2i04, 
glucose, and galactose. The decomposition of the latter has led to a 
series of acids, the constitution of which is as yet undetermined (B. 27 , 
R. 881 ; 28 , R. 1056 ; 31 , 2454 ; 32 , 2201 ; 37 , 1215 ; and 43 , 35f>2). 

From the leaves of Digitalis purpurea another pharmaceutically 
effective glucoside is obtained, called digitoxin C34H5,Ojj m.p. 145°, 
which is split up by HCl into digitoxose C3H12O4 (tw'o molecules) 
and digitoxigenin C22n3.2U4 (?). Besides digitoxin we find a small 
quantity of a yellow pigment, the so-called digito-flavonc 
winch belongs to the group of the flavones [q.v.), and is identical with 
luteolin (B. 32 , 2196, 1184 ; 34 , 3577). 

15. Saponin C32H54O18, from the root of Saponaria officinalis, is a 
w^hite amorphous powder, which provokes sneezing and foams in 
aqueous solutions. Its decomposition yields glucose and sapogenin 
C14H22O2 (B. 42 , 23S). 

16. Convolvulin from the jalapa root of Convolvulus purga, 

is a gummy mass, winch is a powerful purgative. Among its decom- 
position products are, in addition to a sugar, d-methyl-ethyl-acetic 
acid and an oxy-pentadecylic acid C2H5CH(CH3).CH(0H)C9Hjg.C02H, 
melting at 50®. Nitric acid oxidises the latter to methyl-ethyl-acetic 
acid and an acid CjoH,g04 (B. 27 , R. 885), melting at 116°, isomeric 
with sebacic acid (B. 27 , R. 885 ; C. 1901, I. 1042 ; II. 425, 426). 

17. Jalapin, scammonin ^3411540,4, from Convolvulus orizabensis, and 
from scammoniurn resin, yields acetic acid, tiglic acid, and palmitic 
acid upon distillation (B. 26 , R. 591 ; 27 , R. 736). 

• Binz, Grundzuge der Arzneimittellehre, p. 52. 
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18. Polygonin CjiHgoOg, melting at 203®, is a glycoside, and has 
been obtained from the root bark of Polygonum cuspidalum. It yields 
emodin when it is decomposed with alcoholic hydrochloric acid (B. 
29 , R. 86). 

19. Amygdalin, mandelo^nitrile di glucose 
C,oH„NOu+3HaO : C.HgCH.CN 

J occurs in bitter almonds and in the 

O.C12H21O10 

kernels of Pomaceae and Amygdalaceae, as well as in cherries, peaches, 
apricots, and the leaves of the cherry tree. Amygdalin crystallises 
from alcohol in white shining leaflets, and dissolves readily in water 
and hot alcohol. 

History. — Amygdalin was discovered in 1830 by Robiquet and 
Boutron-Chalard (A. Chim. Phys. 2, 44 , 351). The composition and 
nature of amygdalin were cleared up by Liebig and Kohler (A. 22 , i). 

On boiling with dilute acids, or upon standing with water and 
emulsin, an enzyme present in bitter almonds, amygdalin, is decom- 
posed into oil of bitter almonds, dextrose, and hydrocyanic acid. 

Yeast splits off only one molecule of glucose from amygdalin, and 
we thus obtain 1-mandelic nitrile glucoside CeH5CH(CN).0.CgHii05, 
m.p. 148°, which is decomposed by emulsion with intermediate forma- 
tion of d-mandelic nitrile into benzaldehyde, prussic acid, and d-glucose, 
and, on saponification with concentrated HCl, yields l-mandelic acid, 
together with glucose and ammonia (B. 28 , 1508). For lauro-cerasin, 
see C. 1885, 570. Other glucosides are prulaurasin (C. 1907, II. 1340), 
sambunigrin (C. 1907, II. bg), durrhin, linamarin, and virianin. 

Pentosides, Rhamnosides. — The following pentosides are to be 
regarded as ethereal compounds of rhamnose CeHi40g=CgHi205+H20 
(I. 536), or of iso-dulcite : 

1. Narlngin C2iIIo,pii+4H20, melts when anhydrous at 170°. It 
is found chiefly in tiie blossoms and also in other parts of the tree 
Citrus decumana of Java. The name of the pentoside is derived from 

naringi,'' a Sanscrit word meaning orange. Dilute acids decompose 
it into rhamnose and naringenin, melting at 230°. The latter is the 
phloro - glucin ether of p - oxy - cinnamic acid, which concentrated 
caustic potash breaks down into phloro-glucin and p-cumaric acid 
(B. 20 , 296) : 

CgiHseOji ^CgHi^Oe (Rhamnose) +C15H12O5 (Naringenin) 
Ci5Hi206+H20^CgHe03 (Phloro-glucin) +C3H8O3 (p-Cumaric acid). 

2. Hesperidin C50H60O22 (?), melting at 251°, is present in unripe 
oranges, lemons, etc. It decomposes, when heated, into glucose, 
rhamnose, and hesperetin, melting at 226°. Caustic potash resolves 
the latter into phloro-glucin and iso-ferulic acid (B. 14 , 948) : 

C,oHeoO„-|-3HaO=2C«Hi20e+C«Hj40e (Rhamnose) -f-2Ci4Hi40* (Hesperetin). 

CieHi405 4 - H,0=CeH403 (Phloro-glucin) 4-CioHio04 (Iso-ferulic acid). 

3. Quercitrin C21H22O12 is present in the bark of Quercus tinctoria, 
and is applied under the name quercitrone as a yellow dye. It breaks 
down into rhamnose and quercetrin (see this), a phenyl-benzo-pyrene 
derivative (B. 26 , R. 234 ; 28 , 2303) : 

C2iH220i8+H80=C3Hi 403 (Rhamnose) +C15H30O7 (Quercetrin). 
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4. Frangulin CjjHjoOj, melting at 286®, occurs in the bark of 
Rhamnus frangtda. When it is saponified with alcoholic hydrochloric 
acid rhamnose, emodin and a trioxy-methyl-anthraquinone, isomeric 
with the latter, are produced (B. 25 , R. 370) : 

C2iH2o09-r2H20=CeHx40e (Rhamnose) +C15H10O5 (Emodin). 

5. Aloin. — Several apparently different aloins : aloin, barbaloin, 
nataloin, are found in aloes, the dried juice of various species of aloe. 
The best known is barbaloin, isolated from Barbadoes aloes, occurring 
in yellowish needles, Ci4H502(0H)2CH2.0.C4Hn04 (?) (C. 1909, II. 622). 
On heating with aqueous adcoholic HCl it is split up into an aldo- 
pentose (osazone, m.p. 209°) and aloe-emodin, and therefore shows 
the same transformations as the latter (C. 1910, I. 104). Chromic 
acid oxidises it to rhein, a dioxy-anthraquinone-carboxylic acid (above) ; 
with HNO3 chrysamic acid is obtained, and the so-called aloetic acid, 
probably a mixture of several highly nitrated aloe-emodins. 

VII. — Bitter Principles. 

Under the head of “ bitter principles,” or indifferent substances, is 
embraced a class of vegetable bodies many of which have already 
found their place in the chemical system. Those yet uninvesti- 
gated are : 

Cantharidin CJ0H12O4, melts at 218® and sublimes readily. It is 
contained in Spanish flies and other insects. It tastes very bitter, and 
produces blisters on the skin. It dissolves when heated with alkalies 
and forms salts of cantharinic acid It combines with phenyl- 

hydrazin to an addition product C4gH2oN20H, melting at 194®, and a 
phenyl-hydrazonc, melting at 238° (B. 26 , 140). Cantharidin is pro- 
bably a lactone-carboxylic acid. Hydriodic acid converts cantharidin 
into cantharic acid C,oHi204=CgHjjO.CO.C02H, isomeric with it. 
WTien this acid is distilled with lime, cantharenc or dihydro-o- xylene 
results. 

Anemonin C,qll804, m.p. 150®, appears to be closely related to 
cantharidin. It is a crystalline constituent of the extracts of nearly 
all Anemones and Ranunculacece (M. 20 , 634). 

Picro-toxin CigHieOg+HjO is found in the grains of cockle, and 
crystallises in fine needles, melting at 201°. It has an extremely 
bitter taste, and is very poisonous. 

It is a mixture of two bodies : picro-toxinin Ci5Hie04+H20, m.p. 
201®, and picrotin C15H18O7, m.p. 249®, which are best separated by 
bromination in aqueous solution. In this case only the picro-toxinin 
is brominated to sparingly soluble bromo-picro-toxinin, which can 
then be reduced to picro-toxinin ; the latter is a strong reducing agent, 
contains two hydroxyl groups, and seems to be a lactone (B. 81 , 2958). 

Santonin melting at 170®, [a]n=— 171 * 37 °. is the active 

principle of artemisia cina. It dissolves in alkalies to salts of santonlo 
aeid C15H20O4, which breaks down at 120® into water and santonin. 
On boiling with baryta water we obtain salts of isomeric santoio acid 
CJ5H20O4, which melts at 171®. 

This acid, upon further oxidation, yields a tetracarboxylic acid. 
For its constitution, see B. 29 , R. 1119. Santonin is a lactone. It 
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bears the same relation to santonic and santoic acids as cumarin to 
cumarinic and cumaric acids. Again, it contains the ketone group ; 
its phenyl-hydrazone melts at 220®. When santonin is reduced with 
hydriodic acid or with stannous chloride and hydrochloric acid, sanlous 
acid C15H20O3 results. This is dextro-rotatory and melts at 179''. The 
corresponding laevo-rotatory modification and the (d+l)-acid are known. 
When these three acids are fused with caustic potash, propionic acid, 
dimethyl-jff-naphthol, and hydrogen are produced. Hence it would 
seem that santonin is a derivative of a hexahydro-dimethylrnaphthalene 
(B. 27 , 530 ; 28 , R. 392 ; 29 , R. 291, 296). When santonin is reduced 
with tin and hydrochloric acid, not only santous acid is formed, but also 
a hydrocarbon CioHi3(CH3)2(C2H5), boiling at 248°, which probably is 
dimethyl-ethyl-octohydro-naphthalene (B. 28 , R. 622). 

By heating with mineral acids under various conditions santonin 
is converted into diverse so-called desmo-tropo-santonins 
distinguished by their optical rotatory power, and from santonin by 
the absence of the ketone reaction and the presence of phenol reactions. 
It is therefore assumed that there is a transformation of a ketone 
form into a phenol form, as in the case of carvone and carvacrol (B. 31 , 
3131 ; 36 , 1386, 2667). Other transformations are produced by sun- 
light. In an acetic acid solution the two-basic so-called photo-santonic 
acid C16H22O5 is formed together with iso-photo-santonic acid, a 
dioxaldehyde-carboxylic acid ; the former passes into dehydro-photo- 
santonic acid CJ5H20O4. with loss of water, which on oxidation yields 

dimethyl - phthalide - carboxylic acid q/ | CjHsIjJCOOH, and 

on distillation of its Ba-salt i, 5, 2-diethyl-iso-propyl-benzol (C. 1902, 
I. 1402). From these data the following formulae have been deduced : 

CH,— C(CH,)»C-CH,— CH-O V^O ► CH^=r^C(CH,)— C-~CH,— CH— O 

Co— C(CH,)«C— CH,— CH— CH(CH,)/ \ C(OH) : C(CH,)— C— CH,— C H— CH(CH,)/ 

It Santonin V Desmo-tropo-santonin 

CH, CH(CH,).C-CH-C:H0H ^ HOCH, CH(CH,) C-CH— CHOH 

HOCO.CH(CH,).C-CH— CHCH(CH,)C00H H0C.CH(CH,) C = CH— CHCH(CH,)C00H 

Photo-santonic acid Iso-pboto-santonic acid. 

Artemisin from the seeds of Artemisia maritima, is a 

lactone closely related to santonin (cp. B. 34 , 3717 ; C. 1905, 1. 98). 

VIII. — Natural Dyes. 

The important natural dyes, indigo, alizarin, and its allies, euxanihic 
acid, gentisin, etc., have found their place in the system of organic 
chemistry. The following are some of the natural dyes which have not 
yet been investigated : 

Brasilin C13H14O5 is found in Brazil-wood and red-wood ; crystallises 
with iJHgO in white, shining needles, and dissolves in alkalies with a 
carmine-red colour on exposure to the air. Acids then precipitate 
brasileln CieHi205-f-H20 from the solution. The action of iodine 
upon brasilin also produces this compound. It can be reconverted 
into brasilin by reduction, best by way of its acetyl compound (B. 36 , 
3951 ; M. 28 , 871). Brasilein is, therefore, related to brasilin as dyes 
are related to leuco-bodies. Brasilin forms mono-, di-, tri-, and 
tetra-alkyl ethers (B. 27 , 524 ; R. 304 ; 29 , R. 219) ; while brasilein 
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forms, besides the normal di- and trialkyl ethers, tri- and tetra-alkyl 
brasilcinols, with attachment of one molecule HjO (C. 1908, II. 609). 
On distillation, brasilin yields much resorcin. On conducting air 
for some time through a strongly alkaline solution of brasilin, we 
obtain a compound C,H404 which probably has the constitution 

since its dimethyl ether is split up by 
sodium alcoholate into formic acid and fisetol-dimethyl ether 
(OCHj)’ ^ decomposition product of fisetin (B. 

32, 1024). O.xidation of trimethyl-brasllin Cj8HioO(OH)(OCH3)3, m.p. 
140°, with MnOiK, on the other hand, produces various acids, among 
which may be mentioned 5-methoxy-phenoxy*aceto>2-carboxylic acid 

(CHsO)C,H 3<.^®^”|^®®^, 4, 5-dimethoxy-phenyl-aceto-2-carboxyllc acid 


and m-hemipinic acid (CH30)3CjH3(C00H)g, 
also brasilic acid (CH30)C.h,<^cij^^ brasilinic acid 


fCH O^C H O-CHjCOiH 
( 3 ) « 3\ c,H,(OCH 3 ),CO,H* 

This last acid is also formed by the condensation of m-hemipinic 
anhydride with m-methoxy-phenoxy-acetic ester by means of AICI3. 
In a similar manner, the anhydro-brasilic acid C12H10O5 obtained from 


brasilic acid by dehydration has been prepared synthetically (C. 1908, 
I. 1698). On oxidising trimethyl-brasilin with chromic acid, we obtain 
a ketone, trimethyl-brasilone Ci^HigOg, which is converted by HNO3 
into nitro-hydroxy-dibydro-trimethyl-brasilone Ci9Hi907(N02). This 


can be split up by alkalies into methoxy*salicylic acid (CH30)QjH3 
((JH)COOH and nitro-homo-veratrol N02CgH2(CH3)(0CH3)2. The 


trimethyl-brasilone easily passes into trimethyl-dehydro-brasilone 
with loss of H26, and this behaves precisely like a derivative 
of ^-naphthol. With diazonium solutions it couples up to azo-dyes ; 


with HXO3 it forms a nitro-compound, from which, by successive 
reduction and oxidation, an o-quinone corresponding to j3-naphtho- 
quinone is obtained, known as trimethoxy-a-brasane-quinone C19H14O3 


(C I909, I. 1569). By treatment with HI and with concentrated 
H2SO4, trimethyl-brasilone is isomerised, and appears to pass into 
derivatives of /3/3-phenylene-naphthylene oxide (brasane) (C. 1902, II. 
746 ; 35, 1609 ; 36, 2193 ; 37, 631 ; M. 23, 165). 

Haematoxylin CieHi40e+3H20 is the colouring-matter of logwood 
(Hamatoxylon campechianum) , is very soluble in water and alcohol, 
and cr^’^stallises in yellowish prisms having a sweet taste. It dissolves 
in alkalies with a violet-blue colour. The importance of logwood lies 


in the production of bluish-black shades by means of iron and chrom- 
ium. Distillation, or fusion with potash, produces pyrogallic acid from 


haematoxylin (B. 36, 1561). When distilled or fused with potassium 
hydroxide, pyrogallic acid and resorcinol result from it. If the am- 
monium hydroxide solution be allowed to stand exposed to the air, 
there results haematein-ammonia Ci9Hii(NH4)Oe, from which acetic 
acid precipitates the free baematin C,^Hi20e (at 120®), a reddish-brown 
body, which has metallic lustre after drying (A. 216, 236). It yields 
penta-ethyl- and penta-acetyl ethers. In the oxidation of tetra- 
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methyl-haematoxylin with Mn04K, acids are obtained analogous to 
those from the oxidation of trimethyl-brasilin, e.g. dimethoxy-phenoxy- 
acetlc-o-carboxylic acid (CH30),c,h,|WOCH^ooh^ meta-hemipinic 

acid, and the luematoxylinicacid corresponding to brasilinic acid (above). 
Similarly, tetramethyl-haematoxylin on oxidation with CrOg yields 
tetramethyl -haematoxylone, corresponding to trimethyl -brasilone, 
and giving quite similar decomposition products (C. 1902, II. 750 ; 
B. 36 , 2202). Haematoxylin is therefore only distinguished from 
brasilin by the entry of an HO group into the benzene nucleus. From 
the data hitherto obtained, Perkin has deduced the following formulae 
for brasilin and haematoxylin : 

H0[5]C.H3 I }QH,[4.5](0H), 

Brasilin 

(H0).[5. 6]C.H.{gQ CH,.q OH) CH, [i1 5](OH), 

Hdcmatoxylin 

Carthamin occurs in safflower, the blossoms of Carthamus 

tinctorium, and is precipitated from its soda solution by acetic acid as a 
dark«red pow^der, which, on drying, acquires a metallic lustre. It 
dissolves with a beautiful red colour in alcohol and the alkalies. 
It yields para-oxy-benzoic acid with caustic potash (A. 136 , 117). 
On boiling with dilute potash it forms p-cumaric acid and p-oxy- 
benzaldchyde (C. 1910, 11 . 805). 

CurcuminC2iH2o06=[CH30[3]OH[4]C6H3CH : CH.CO]2CH2(^), m.p 
183'’, the dyestuff of the curcuma root of Curcuma longa and viridi flora, 
crystallises in orange prisms and dissolves in alkalies to form reddish- 
browm salts. It yields a dimethyl ether C2iH,g04(0CH3)2, m.p. 137°, and 
a diacetyl compound C2iH380g(C2H30)2 (C. 1911, 1 . 652). With hydroxyl- 
amine we obtain, according to conditions, an oxime CgiHgiOgN, m.p. 
162°, or an isoxazol derivative CgjHjgOgN, m.p. 173°. On heating 
with potash it forms ferulic acid (B. 43 , 2163). 

Lichen dyes {J. pr. Ch. 2, 58, 465 ; A. 306 , 282 ; 310 , 230), compare 
orseille, litmus, vulpinic acid. Of the numerous substances contained 
in lichens, usnic acid CigHigO,, occurring in usnea and many other species, 
has been studied in detail. The acid is optically active, and is found 
naturally in the antipodic forms [a]D=±49*5°, m.p. 203®, and in the 
racemic form, m.p. 192°. It forms an oxime, an oxime anhydride, and 
a semi-carbazone, and is therefore probably a ketonic acid. 

On oxidation it is completely burnt to COg, o.xalic acid, and acetic 
acid ; it therefore contains no aromatic nucleus ; by gentle oxidatiim 
with Mn04K the diphasic usnonic acid is obtained, C48Hi603. On 
heating with alcohols to 150®, usnic acid splits off CO2, takes up H.2O, 
and forms dibasic decarbo-usnic acid C17HJ8O3. For its constitutional 
formula, see A. 310 , 281 ; 324 , 139. 

Carminic acid CHH12O7 is found in cochineal, from Coccus cacti 
coccinelliferi, an insect peculiar to different cactus varieties. It is a 
purple-red mass, dissolving readily in water and alcohol, which forms 
red salts with the alkalies. Cochineal is applied in wool-dyeing for the 
production of scarlet-red colours. This application has diminished 
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very gieatly since the discovery of the red azo-dyes, like Bieherich 
scarlet and others. The constitution of carminic acid is not yet fully 
elucidated (B. 42, i6ii). Potassium permanganate oxidises it to a 
methyl-trloxy-a-naphtho-quinone-carboxylicacid CjgHi^O^, which, in its 
behaviour, closely resembles iso-naphthazarin, and is therefore called 
carminazarin. On oxidation with HNO3 it yields a tetraketone, 
carminazarin-quinone C12H3O7+2H2O, and in alkaline solution it is 
converted by atmospheric oxygen into a cresotin-glyoxyl-dicar- 
boxylic acid CiiHgOg+aHaO, which, on heating with concentrated 
HgSOj, decomposes into CO and the so-called cochinelic acid Qo^ 8^7* 
This acid, first obtained by the direct oxidation of carminic acid with 
potassium persulphate, is probably an m-cresol-4, 5, 6-tricarboxylic 
acid, since, on heating with water, it ^delds oxy-iivitimc acid (a-coccinic 
acid), and i, 3, 5-crebOtinic acid, and on heating alone, oxy-methyl-o- 
plithalic acid (B. 30, 1731). By boiling with HNO 3 , carminic acid is 
converted into nitro-coccic acid or symmetrical trinitro-cresotiiiic 
acid. The following formulae illustrate this demolition of carminic 
acid : 

CH, CH, O CH, O CH, CO CM, 

NO,J-NO, ^ .''^.''^jOH |^^("^CO,H hJ-CO,H 

HO-j-CO,H HO\^\ "^HO-j-tO,!! 

NO, HO,C O HO,C O HO,C CO,H C 0,H 

Nitro-coccjc acid Carminic acid Carminazarin Cresotin r1\ox> 1- Cotheiielic acid. 

dicarboxvlic acid 

The action of bromine upon carminic acid takes place in several 
stages. A dibromo-hydro-bro 7 nide C22H2oBr20i3.HBr is first formed. 
This, on hedting, easily splits off HBr and CO2, and passes into 
decaf bo xy~dtbromo~carmintc acid C2iH2oBr20ij. By strong action of 
bromine, several so-called bromo-carmines are fc^rmed : a-bromo- 
carmine, a derivative of diketo-hydrindene HO(CH3)Cel3r.c' ^CBr„ 

which, on heating wnth soda solution, decompose^ into bromc^form and 
dibrrimo.xy-methyl-phthalic acid, and ^-bromo-carmine C,,H5Br304, 
probably a n.ij>htho-quiiiune derivative (B. 43, 13^3). On methylating 
carminic acid we obtain, according to the conditions, various methyl 
d<^*r:\ atives, including carminic acid hexamethyl ether C 22Bfic(CH3)60i3 
(B. 42, 1922). Closely related to carminic acid is : 

Kermessic acid CigHijOg, red needles, m.p. 250° with decomposition, 
from the insect Lecanium I lids. Oxidation whth HNO3 gives nitro- 
coccic acid in this case also. Its dimethyl ether yields, with Mn04K, 
methyl-cochenilic methyl ester, as well as the dimethyl ether of 
cresotin-glyoxyl-dicarboxylic acid (B. 43, 1387). Compare also the 
similarly constituted laccalnic acid C 13 HJ 2 O 8 (B. 29, 1285). 
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Acetamido-ciiinamic Acid, 422 

Anhydride, 422 

Acetanilide, 95 
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Acetenyl-benzene, 407 
Acetiodoso-benzoic Acid, 298 
Aceto-acetic Anilide, 98 
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Aceto-benzoic Acid, 353 

Anhydride, 279 

Aceto-benzoyl-benzoic Acid, 575 
Aceto-chloramide, 100 
Aceto-isatinic Acid, 389 
Aceto-naplithone, 677 
Aceto-oxindol, 310 
Aceto-phenoiie, 266 
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Acetone-diphthalide, 640 
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Acetoxy-phthalide, 331 
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Acetyl-cyclo-hevane-carboxvlic Ester, 476 
Acetyl-cyclo-hexanone, 468 
Acetyl-cyclopentanone, 19 
Acetyl-A*-cyclopentene, 19 
Acetyl-dioxindol, 378 
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Acetyl-diphenyl-urea, 107 
Acetyl-hexanitro-diphenc 1 -amine, 112 
Acetyl-isatm, 389 

Acetyl-methyl-pheiiyl-tnazene, 1 36 
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\cetyl-phenyl-h>drox\ lamine, ;3 
\cctvl-phf nyl-isiiidazol, 571 
\6elyl-phenyl-urca, 100 
Ac ( tvl proph)iiyl, 43 
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V ellow , 1 79 
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Aciidoiie, 308. 332, 571 
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\ ireii dm. 370 
\ 'culetin, 431 
l-sculin, 721 
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AJrohol-carbow he Acki^, 347 
Akoholic Hydroxyls, 105 
Aldehyde Acids, 350 

Alcohols, 345 
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Aldehydins, 116 
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Aldehydo-dicarboxxhc Acids, 364 
Alilchydrazones, 152 
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Aldox.iues, 254 
Aliphatic Compounds, 2 

Diazo-coinpounds, o 

Alizarin, 702, 714, 725 

Blue, 715 

Alizarin -bordeaux, 717 
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Alizann-sulphomc Acid, 715 
Alizarine, 212 
Alkali Blue, 589 
Alkaline Diazotates, 124 
Alkyl-aryl-sulphones, 182 
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Alkyl-benzols, 51 

Halogen Derivatives of, 64 

Nitro-hak)gen Denvatiws o£, 74 

— Nitro-products of, 73 
Alkvl-cumanns, 428 
Alkvl-phenyl-hy»irazin, 152 
Alkyl -phenyl-ureas, 99 
Alkvl-terephthalic Acids, 302 
Alkvlamines, 156 
Alkylated diphenyls, 350 

Phenanthrenes, 68g 

Phenyl-hydrazins, 152 
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AlkvlateJ Rosinihns. 588 
Alkyhc Anthracenes, 703 

Fara-rosanilins, 587 

Rhodamins, hoi 
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\lh 1-cvclo-hexaue, 449 
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Amarine, 257 
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Aniline, 69. 79. 83 

lilac k. 237 
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Anilino-cyclo-pentene, x6 
Anilino-diacetic Acid, 98 
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Dicarboxylic Acids, 363 
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Monocarboxylic Acids, 269 
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Substituted. 297 
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Tetracarboxylic Acids, 363 
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Arsen-anilido-dibromide, 93 
Arsen -.inilido-dichloride, 93 
Arsen-anilido-dimethyl-cther, 93 
Arsen dianilido-monor blonde, 93 
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Aryl acetaldoximes. 403 
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Essence, 428 
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Atro-glyceric Acid, 384 

Atro lactinic Acid, 379 
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Atroxindol, 31 1 

tt-Truxillic Acid, 13 
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Azo-benzol, 69, 140. 141 
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Azo-compounds, i \o 
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Azo-phenols, 204 

Azo-toluols, 142 
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Azoxy-benzide, 139 
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Azoxy-benzol, 69. 139 
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Azoxy-compounds, 139 

Azoxy-phenols. 203 

Azoxy-toluol, 140 

Azoxylenes, 142 

Azunn, 237 

Baeyer, Von, 3, 41, 418, 443, 477, 485, 486, 495. 

516, 599 

Tension theory of, 3 

Barbaloln, 717, 724 
Bcnckiser, 231, 232 
Benzal-aceto-acetic Ester, 438 
Bcnzal-acetoiie, 4x6 
Benzal-acetone-phenvl-h> drazone, 416 
Benzal-ainido-siilphonic Acid, 2O0 
Benzal-an(;elic lactone, 439 
Benzal-aniline, 257 
Benzal-azin, 238 
Benzal -barbituric Acid, 439 
Benzal-benzamidine, 290 
Benzal-benzovl-hydrazia, 284 
Benzal-benzyl -acetone, 638 
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Benzal'pbthalide, 620 
Benzal-pinacolm. 417 
Benzaldehyde. 30. 64. 235 

Derivatives of. 256 

Benzaldebydes. Haloid, 260 
Substituted. 200 

Benzaldehyde. Sulphur Derivatives of. 237 
BeuzalJehvde-potassium Bisulphite, 237 
Benzaldoximes. 253 238 
Benzaldoxime Perovide 260 
Benzamarone, 639 
Beuzamide, 281 

Bromide. 287 

Chloride. 287 

Haloids. 297 

Iodide. 287 

Benzamidine. 2S9 
Benzaraidine-diazo-benzol, 290 
Benzamidine-urethane, 290 
Benranihde, 281 

L hloro-iodide. 2S7 

Benz'inilide-imido-f hloride, 287 
Benzauthrooes. 710 
Benzantialdoxmie, 259 

.Acetate 260 

Benzaunn. 391 
Benzaziinide, 31 t 
Betizazunn, 557 
Benzeins, 390 591 
Benzene, 46, 49 

.AzO'Sulphonu Arid, 127 

Carbohydrates, 49 

Derivatives. 27 

Genera] bur\ev of, 29 

Isomerism of 31 

Benzene-diazoaretandide. 133 
Benzene -diazo-carboxyl -a nude, 128 
Benzenc-diazo-sulphone-s, 127 
Benzene, Halogen Substitution Product*! of, 60 

Hexabromide. 447 

hlonde 447 

• — Hydrocarbons, Nitrogen Derivati>es of, 67 

Nitroso Derivatives of. 73 

Nucleus, Constitution of. 40 

Oxy-quinones. 230 

Poly-substitution Products, Isomerism of, 39 

Ring Formations, 42 

King Splittings, 43 

Substitution lYoducts. Principles of Location 

for, 34 

Benzen>l*amidine, 289 
Beozenyl-amidoxime, 296 
Benzenyl Compounds, 287 
Bcnzenyl-diphenyl-diureide. 290 
Benzenyl-ethoxime Bromide, C94 
Benzenyl-etbyl Ether, 297 
Benzenybbydrazidin, 291 
Benzenyl-bydrazidoxiroe, 29^1 
Benzenyl-bydroxylamine-acelic And, 294 
Benzenyl'methoximc Chloride, 294 
Benzenyl-nitrazone, 291 
Benzenyl-nitrosazone, 291 
Benzeoyl-oxy-tetraxotic Acid, 290 
Benzenyl -tetrazotic Acid, 291 
Benzenyl Tnchlonde, 297 
B^nzidio, 147. 553 
Dyez, 178 , 555 

Homologiies, 354 

Sulphate, 554 


Renzidin sulpbonlc Acids. 536 
Benzidin 1 ransposition. 147 
Benzile, 616 

Benzile-carboxyhc Acid. 620 
Benzile-dioxime Diacetates, 617 
Bcnzile-dioximes. 617 
Benzile-osazone. 617 
Benrile-scnii carbazooe, 616 
Bcnzilic And, 607 
Benzimido ethyl Ether, 288 
Benzimido-inethyl Ether. 288 
Benzimido-thio ethyl Ether 289 
Benzimido thio-phenyl Ether, 289 
Benzisoxazolone. 301 
Benzol azo-meso anthramine, 703 
Benzo-cyclo heptadienone 642 
Bento cyclo heptadione, 642 
Benzo-cyclo-heptane, 642 
Benzo-cyclo heptanone, 642 
Benzo-cvclo heptene. 642 
Benzo-diazo-thm. z6i 
Benzo-dioxv-anthraccnes, 706 
Benzo-hydrols, 563 
Benzo-hydrol-carboxyhr Acid>, 374 
Benzo-hydroxamic Acid, 294 

Haloivts of, 294 

Benzo hydroxamoxime, 207 
B»*nzo-hydroximic Acid Alk\l b tber», 293 

t hlonde, 294 

P.enzo-hvdrvl-amine, 565 
Bvnzo-hydrvl-hvdrazin, s66 
Bonzo-nitnle 97, 239 286 
- — Oxide 295 
Benzo-nitrolic And, 294 
Benzo-nitrosolic Acid, 295 
Benzo-norcaradienc-carbox>lic Ester, 641 
B •nzo-phenol, 183 
i I’.enzo-phenoiies, 367, f>o3 
I Henzo-phenone Bromide, 368 
C hlonde 

j B^’nzo•phenone-dlca^box^ hr ddactooe, 575 
! Benzo-phenone Hexai hlonde, 570 
t — Homologues, 5(>H 

Benzo-phenone bvdrdzont, 569 
Benzo-phenonoximc, 369 
Bcnzo-pherivl-amido-eth> 1 Xanthide, 289 
Benzo-pmarohn, 625 

Alcohol, 625 

Benzo-pinacone, 625 
Benzo-quinone, 225, 226 
Brnzo-quinone-bis-diphcnvl-methane, 602 
Brnzo-sulpho-hvdroxamif Acid, 175 
IW-nzo sulphone-anthiaiidK Acid, 302 
Benzo-tetronic Acid, 437 
1 B»»nzo-thiazols, 209 
1 Benzo-tric hlonde, 64, 297 
i l<enzo-lnfluonde. 297 
1 Benzoic Acid, 31, f‘4. 273 

1 Trichloride, 297 

Anhydndc, 279 

1 Benzoic-arsenic Anhvdnde, 279 
. Benzoic-bonc Anbvilnde, 279 
Benzoir-carbonic Anhydride, 280 
I Benzoic Sulphinidr 314 
i !3enzoir-thionyl-h\ drazone, 3x2 
Benzoin, 615 

Benzoln-anile-anilide, 616 
Benzoln-anilide, 616 
! Benzoin Hydrazone, 616 
— Yellow. 708 
Benzol, 49 

Benzol-azo-aceto-acetic Ester, 134 
Benzol-azo-aldoximes. 142 
Benzol-azn-antbranol. 70(1 
Benzol -azo-benzyl Alcohol, 251 
Benzol-azo-cyanamide, 136 
Benzol-azo-diphen vl-amiiie, 1 44 
Benzol-azo-etnane, 142 
Benzol-azo-methanr. 140, 142, 152 
Benzol-azo-naphthalene, 6fi2 
Benzol -azo-nitronir Ai ids, 142 
B*»nzol-azo-phenvI-cvanainide, 144 
Benzol -azo-phen\l glyi in, 144 
Benzol-azo-sahr\hc Acid. 333 
Benzol-carboxylir Acid, 31 
Benzol-duzo-anilide. 135 
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Benzol-diazo-carboxylic Acids, 142 
Benzol'diazo-oxy-amido-methane, 137 
Benzol'diazonium-chlonde, 125 
Benzol-diazomum fluorides, 125 
Benzol-dicarboxvlic Acid, 31 
Benzol-disulphinic Acid, i8i 
Benzol-disulphomc Acids, 1 76 
Benzol disulphoxide, 18 1 
Benzol-bexacarboxylic Acid, 43 
Benzol-iodo-fluoride, 6x 
Benzol-o-dicarboxylic Acid, 37 
Benzol-phcnol-phthalide, 506 
Denzol-phthalin, 594 
Benzol-seleninic Acul, 181 

Anhydride, 181 

Benzol-seleno-acid, 176 
Benzol'Sulphamide, 174 
Benzol-sulphinic Acid, 180 

Anhydride, 180 

Chloride, 180 

Benzol-sulpho-acid, 29 
Benzol sulpho>diaz i-benzol-atnide, 173 
Benzol-sulpho-diclilor-.imide, 1 74 
Benzol-sulpho-isocyanate, 175 
Benzol-sulpho-nitramide, 174 
Benzol-sulphone, 182 
Benzol-sulphone-anilide, 174 
Beuzol-sulphone-azode, 175 
Benzol-sulphonc-phenvl-hvdrazide, 175 
Benzol-sulphonic Acid, 174, 178 
Benzol-sulphono-hydrazide. 174 
Benzol-sulphono-phenyl-hydroxylam'n* , 
Benzol-thio-sulphonic Acid, 181 
Benzol -tncarboxvlu And, 31 
Benzol-tnsulphomc And, 176 
Bcnzolelnic Acid, 471 
Benzolene, 30 
Benzoxazolcs, 201 
Benzoyl-acetaldehyde. 374 
Benzoyl-acetic Acid, soi 

Ester, 392 

Benzoyl-aceto-nitnle, 392 
Benzovl-acetone, 375 
Benzoyl -acetvl 374 
Benzoyl-acrvlic And ( ^8 
Benzoyl-alanin, 283 

Benzoyl-amido-cinnamic Anhydride, 422 
Benzoyl-amyl-acet\’lene, 417 
Benzoyl-anthracene, 708 
Benzoyl-anthrande, 303 
Benzoyl-anthranilic An 1 , 302 
Benzoyl-asparaginic And, 283 
Benzoyl-azidCj 284 
Benzoyl Azirflide, 279 
Bcnzoyl-bcnzo-hvdrovanin Ester, 293 
Benzoyl-benzoic Acid, 575 
Benzoyl-benzylamiue, 281 
Benzoyl bromide, 279 
Beuzoyl-bromimide, 281 
Benzoyl-butane-diol, 400 
Benzoyl-butyl-carbiiiol, 373 
Benzoyl-camphor, 536 
Benzoyl-carbinol, 371 

Acetate, 371 

Chloride, 371 

Benzoyl thlonde, 278 
Benroyl-chlonmidc, 281 
Benzoyl -crotonic Acid, 438 
Benzovl-cumarone, 629 
Benzoyl Cyanide, 3R8 

Anile, 388 

Benzovl-cyano-acetic Methvl Ester, 399 
Benzoyl-diaro-benzol, 142 
Bcnzoyl-diazo-methane, 372 
Benzoyl-dibenzvl-melhane, 630 
Benziwl Disulphide, 280 

Fluoride, 279 

Bcnzoyl-formaldehvde, 373 
Benzoyl-forrnic Acid, 367, 387 
Bcnzoyl-fonnoln, 635 
Benzoyl -fonnoxime, 374 
Benzoyl-glutaric Acid, 399 

Ester, 399 

Benzoyl-glvcocoll, 282 
Benzoyl-glycollic Acid, 278, 394 
Benzovl-glyoxylic Acid, 395 


Benzoyl-hydrazin, 283 
Benzoyl -hydrogen Peroxide, 233 
Benzoyl Iodide, 279 
Benzoyl-isatin, 389 
Beiizoyl‘iso*cyanate, 282 
Benzoyl -iso-succinic Lster, 399 
Benzoyl-malonic Ester, 399 
Benzoyl-mcsitylcne, 568 
Benzoyl Nitrate, 279 

Nitndc, 279, 284 

Nitrite, 279 

Peroxide, 280 

Benzoyl-phenyl-acctylcne, 630 
Beiizoyl-phenvl-alanin, 381 
I Benzoyl-phenyl -carbinol, 615 
I Benzoyl-phenyl-fluorene. 69S 
! Benzoyl-phthahc And, 575 
1 Bcnzoyl-propio-aldchydr, 374 
j Benzox 1 -pyro-racemic Acid, 395 
Benzoyl Sulphide, 280 
' Benzovl-btramethylene. 268 
I Benzovl-tricarbalhlic Acids, 400 
Ben2ovl-trimeth>lene, 268, 393 
, Benzoyl-tn-meths !cne-caibo\>lif i 1 , 393 
! Benzov 1 -xvlol, 568 

Ben2o\latcd Paralfins 267 
Banzoylene-urea, 308 
Ben2\l Acetarnitk, 247 

Acetate, 2 1 3 

I Benzvl-accto-acctu Ester, 393 
j Bcnzyl-accto-phenonc, 628 
Benzyl-aceto-sucnnu Ester 399 
I Benzyl-altohol, 30. ^4, 241 
I Benzyl-amulo-aretone, 373 
, Benzyl-amines, 245 
Benzyl-aniline, 247 
, Benzyl-arabmoside. 243 
I Benzyl-aznies, 248, 249 
Benzyl-benzol, 563 
, Benzyl Bromide, 243 

' Carbinol, 242 

C arbonimide, 247 

1 C hloride, 30, O4, 243 

‘ Benzyl-cmnatnic A< id. 031 
, Beu7>l-crotonic Acid, 425 

' Aldehyde, 415 

> Bcnzvl-cvanurate, 247 
I Benzvl-desox> -benzoin, 629 
{ Benz>l-diazo-'componniis 248 
I Bcnrvl Disulphide, 24 i 

j Disulphoxide, 244 

i Benzvl-durols, 563 
I Benzyl-ethvl-aiiiine, 24*) 

Benzyl ghitaconic Ester, 441 
Benzvl-hvdrazins, 248 
Benzvl Hvdnde, 25s 
Benzvl hydroxvlamines, 249 
Benzyl-bvposulphurous Acid, 244 
Benzyl-indenc, 645 
Benzvl Iodide, 243 
Benzvl Iso-cvdiiatc, 247 
Benivl-iso-mtroso-aceto- phenone, 028 
Benzvl-malic Acid, 398 
Benzyl-malomc Acid, 396 
Benzyl-mesitylenc, s <33 
Benzyl-methvl-cthyl Ketone, 26S 
Benzyl-methvl-Ketone, 370 
Be*izyl-methvl-triazcne, 24H 
Benzyl-mustard Oil, 248 
Benzyl-nitramine, 248 
Benzvl Nitrite, 243 
Benzvl-oxalatetic Ester, 599 
. Bonzyl-oxeth^l-aniine, 247 
* Benzyl-phenvl-acetic Acid, 02 x 
Beuzyl-phenyl-iso-crotonu Aci 1 , r»36 
BenzvI-phenvl-(,.drbiaol, 613 
Benzvl-phenyl-tnazene. 249 
Benzvl Phosphates, 243 
Benzvl- phthalazone, 620 
Beiizyl-phthalimidiiie, 620 
Benzvl-propyl Ketone, 20S 
Benzvl-pyro-racemic Acid p>x 
Benzyl-succmic Ac id, 397 
Benzvl Sulphide, 244 
Benzyl-sulphinic Acid 244 
Benzvl Sulphone, 244 
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Benzvl-sulphonic Acid, 344 
Benzyl Sulphoxide, 344 
Benzyl-sulphuric Aciti, -:43 
Benzyl Sulphydratr, 244 
Benzyl- tortronic Acul, 398 
Beiuyl'toluenes, 563 
Benzyl-tnazenes. 248 
Benzyl-urea, 247 
Benzyl-urethane, 347 
Benzyhdene-aceto-pheiKMio. 
Benzvhdene-acetone, 410 
Benzvhdene-acetyl-phenyl-in 1/ mo, 10 
Benz\ lulene-amline, 257 
Benr^ lidene-anthronc, 706 
Benzvlidene-bcnzoyl-acelic Estir, 631 
Benzyhdene-bis-benzoyl-acetir K'-toi, 040 
Bcnzyluicne-bis-desoxy-benzoln, ^39 
Benz> lidene-campholic Acid, 537 
Bcnzvlidenc-camphor, 336 
Benzylidene-desoxv-benzoln, 629 
Benzy lidene-diaccto-phenone, 639 
Benz\ hdene-fluorene, (>gty 
Benz\ lidene-formvl-phenvl-triazano, 167 
BcnzvhJcne-hydrazin, 258 
Benzyhdene Imide, 257 
Benzvlidene-mcnthone, 306 
Bcnz\ bdene-mcthyl-ethyl - Ket ono, 416 
Benzylidcne-phenoxv-acetono, 417 
Bcnzvlidene-phthahde, Ozo 
Benzylidene-pulogone, 508 
Benzyhdene-lhujone, 5x0 
Bergaptene, 435 
Bemthsen, 599, 

Berthelot, 49 
Berzelius, 226 
Beiula tenia, 721 
Bidesyl, 634 

Bi-diphenylene-ethane, 698 
Bi-diphenylene-ethyleno, 698 
Biebcnch Scarlet, 179. 668 
Bifluorene, 698 
Big^ianide, 162 
Bihvdroquinone, 557 
Biphenol, 557 
Biphenvl, 550 

Biphenyl-carboxylic Acids. 359 
Biphenyl-dicarbowlic AckK, 560 561 
Biphenyl -monocar boxy hr Acid*;, 559 
Biphenvl -sulphonic Acids, 356 
Bzpheny lenc-bipbcnvi-chloro-methane, 627 
Bipbenvlene phen\ l'nirtli% 1 , 697 
Biphcn\lenc sultarno, 556 
Bipyro-catcchin, 537 
Bis-acenaphtby lidone, 6H2 
Bis-amido-benzyl rtsorrin, 576 
BischoH, 418 

Bis-cyclopentadiene -carboxylic Acid, 20 
Bis-diazo-benzol-diphenyl-tetrazone, 168 
Bis-tnazo-bcnzol, 138 
Bismarck Brown, 114, 145 
Bismuth Gallate, 341 

Oxy-iodide Gallate, 341 

Bismuth-tnpbenyl, 170 

Bi-thio Acids, 280 

Bi-thio-phcnyl-phlbahde, 335 

Bittcr-aimond Oil, 255 

Blomstrand, 123 

Borneo Camphor, 526 

Bomeol, 526, 529 

Bornyl-iso-valerianatr. 527 

Bornyl-xantbogenic Methvl Esters, 527 

Bomylamine, 528 

Bornylene, 324 

Bomylcne-carboxylic Acid, 535 
Bomylone, 333 
Bornyval, 327 
Boutron-Chalard, 723 
Brasaoes, 672 
Brasilic Acid, 726 
Brasilin, 72 s 
Btasilinic Acid, 726 
Brtganum htrtum, 168 
Brom-acetanilide, 95 
Bromaceto-phenone, 268 
Bromanilic Acid, 230 
Bromcthenyl-phenyl Ether, 190 


Brometbyl-phenyl Ether, 190 
Bromindone. 647 
Bromine Tribromo-pbenol. 194 
Bromo-aceto-phenone, 371 
Broroo-alizarin. 7x5 
Bromo-anthraquinone, 7x0 
Bromo-benzo-phenone, 369 
Bromo-benzols, 31, 6x 
Dromo-camphor, 532 
Bromo-carmine. 728 
Bromo-cinnamic Acids, 421, 422 
Bromo-cumann, 428 
Broroo-diazo-benzol-imidc, 138 
Bromo-diazonium Silver ( \ .nude, X23 
Bromo-dikcto-hydnndenc, 1149 
Bromo-diphenacyl, 634 
Uromo-hydnn, 369 
Bromo-iodo-benzois, 61 
Bromo-mcthyleiie-phthahde, 434 
Bromo-naphthaleiips, 659 
Bromo-nitro-benzols, 35, 7(> 
Bromo-nitro-camphane, 532 
Bromo-nitro-camphor, 532 
Hromo-mtroso-acplanilide, 1 20 
Bromo-pentamrthvl-benzol, 06 
Bromo-phenantbrene, 689 
Bromo-phenyl-hyclrazin, 150 
Bromo-phthahde, 35 x 
Hromo-pipcronal, 325 
nromo-salicylic Acid, 333 
Bromo-styrol, 404, 405 
Bromo-suberane-carboxy he Acid, 24 
Bromo-toluol, 65 
Bromo-xvlol, 66 
Bromvl-phthalimide, 357 
Brown, Crum, 74 
Brtihl, 40 

Bucco-camphor, 508 
Butane-tetracarboxyhc Ester, 9 
Butea, 212 
Buiea frondosa, 628 
Butein, 628 
Butcnvl-bcnzol, 406 
Butryl-pbenyJ-acetylcne, 4x7 
Butyl-benzol, 59 
Buzylene, 168 

Cadinene, 547 
Casalptna cortarta, 340 
Caffeic Acid, 429 
Calcium phenate. 186 

Salicylate, 329 

Campbane, 513. 525 
Camphane-diamine. 529 
Camphanic Acid, 341 
Camphanonazme, 533 
Campbel Alcohol, 527 
Campbelamine, 537 
Campbeoamine. 329 
Campbene, 322 
Campbene Dibromide, 323 
Camphene-glycol, 522 
Campbene Hydrate, 527 

Hydrochloride, 522 

Camphenilane-aldehyde, 323 
Campbenilanic Acids, 523 
Camphenile Nitrite, 322 
Caroptaenilol, 328 
Caraphenilonc, 523 
Camphenone, 334 
Campbenylamine, 329 
Campherol, 334 
Campbidin, 340 
C.arophidonene, 540 
Campho-aetd. 344 
Campho-carboxybr Acid, 334 
Campho-ceanic King, 14 
Campho-pyro-acid, 544 
Camphol, 326 

Alcohol, 527 

Campholamine, 329, 337 
Campfaolene, 539 

Dibromide, 539 

Campbolenic Acid, 14, 338 
Campbolic Acid, 337 
^ropholide, 544 
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Canapbolytic Acid. 14 543 
Camphor, 14, 443. 529 

DicbIorides,332 

Campbor-dioxime, 533 
Campbor-Rlycol, 334 

Campbor-metbylene-carboxj’lic Acid 336 
Camphor>nitrihc Acid, 341 
Campbor-oxalic Acid, 337 
Campbor-oxime, 532 
Campbor-pbenyl-bydrazone 533 
Campbor-quinone. 533 
Camphor'qtiinone phenyl-hydrjzoue 533 
Caraphor-sulphonic Acids, 532 
Camphoranic Acid, 545 
Camphoric Acid. 14 21 339. 541 
Camphorimine, 532, 533 
Camphorone, 540 
Camphorouic Acid, 545 
C amphorphorone, 14 
( amphoryl carb.imule. 534 
Cdtnphoryl-dirnelhyl-rarbmnl 5 37 
Campboryl-glycoroll Ester 531 
Camphoryl-hydroxvlaminc 5^ 

C amphoryl-iso-ryanalc, 534 
Camphoryl-malonic Acid I ^iri 544 
Camphoryl-methyl-carbinf.l, 5 
C amphoryl-niustard Oil, 534 
Camph\ 1 gl\( ols S3^i 
Camphylamine, 52R, 538 
Cantharcne. 450 
Canthanr Acid, 724 
Cantbandin, 724 
Cantbarinic Acid, 724 
Caoutchouc, 349 
Carane, 513 

Carbamic Acid Derivatives lOr 
Carbamitiic a-phenyl-hydi.izidc lOo 

Ethyl Ether. 100 

Carbanile, 99, 104 
Carbanilic Acid 99 
Carb.’inilide, 99 
Carbinol benzoic Acids 347 
Carbinols. 579 

Carbo-benzovl-propionir Acid 402 
Carbo-didzone. 142 
Carbo-dipheuvl'iinide. 106 
Carbo-mandelic Acui. 401 
Carbo-aietJioxy s.ilicvlic A< id no 
Carbo-phcnvl-slyoxvlic Acid. 402 
Carbodi-p-tolyl-imide. 107 
Carbolic Acid, 185 
Carbonate. 125 
Carbonyl-benzamide. 282 
Carbonyl-salicvl-.imide, 332 
Carbostyrilic Acid. 305 

Carboxy-phcnyl-trirnethylenc-dicarboxylic Acid, 
642 

Carboxyl-anlhranilic Dimettivl Ester. 304 

Carboxyl-apo camphoric Acid. 524. 544 

Carboxylic Acids, 631 

Carminazann, 728 

Carrainic Acid. 727 

Carnation Aud, 41 Z 

Caro, 586 

Carone, 514 

Caronic Acid. 80 

Carro*menthene, 449 

Carthamin, 727 

Carlhamus ttnclorium, 727 

Carva-crotinic Acids, 335 

Carvacrol. x88 

Carvene, 491 

Carvenolidene 509 

Carvenone. 507 

Carvenylamine, 504 

Carveol, 507 

Carveol-nietbyl Ether 503 
Carvestrene. 496 
Carvo-menthene. 496 
Carvo-rnentboJ, 498 
Carvo-inenthylainine, 504 
Carvo-pinoiie, 521 
Carvone. 25 
Carvotan-acetone 507 
Carvoxime. 510 
Carvum carvt, 188 


Caryo pbyllene. 547 
Castoreum, 186 
Cateebm. 338 
CatecbiDic Acid, 343 
Cateebu-tannin. 343 
Caucasian Petroleum, 24 
Cedriret, 558 
Cedrol, 548 
< entric Scheme, 41 
Cetyl-benzol, 60 
Chamarops humtlis, 453 
Chavibetol, 411 
C havtca Belle, 409 
Chavicol. 409 
Chloraceto-pbenone. 268 
C hloraceio-pyro-catechm, 373 
'"bloranilamic Acid, 230 
( hloraniie. 229 
( bloranilc-amide, 229 
(. hloranilic Acid, 230 
( hloraniline-o-sulphonic Acid. 03 
Chloranilino-tnphenyl-airiine, iit 
( hlonudazol, 312 
Chloro-aceto phenone. 371 
Chloro-anthraquioone, 710 
C hloro-benzene. 29 
; Chloro-benzile, 618 
i Chloro-benzol Hexachloride, 447 
j Chloro'benzols, 61 
} Chloro-benzyl-aceto-phenone, 628 
j Chloro-benzyl ( blonde, 30 
Cbloro-bromo-benzols. 62 
Chloro-bromo stilbene, 620 
1 Chloro-camphor. 532 
j Chloro-cinnamic Acids, 421 422 
! Chloro-diazo-benzol Anhvdiide, 126 

( Sulphoevanide, 125 

Cbloro'i. 2 dikelo-peotamelhv lene, 18 
I Chloro-diphcnacyl. 634 
I Chloroform. 48 
j Chloro-bydrin, 369 
i ( bloro-methNl-benzamide. 348 
j Cbloro-methvl-benzai)il)de 34 S 
Cbloro-methyd-benro-nitrile, 31R 
Chloro-methvl-benzoK Arid, 34H 
j Chloro methxlene camphor, 536 

Chloro-naphthalenes, 658 
I Chloro-n.iphthaJene-sulphonic Acids, 604 
' ( hloro-nitro-benzol. 76 
C hloro 2-nitro toluol, 74 
C hloro-4-iiifro toluol, 74 
Chloro-5-n)tro-toluol. 74 
Chloro-p-oxv-benzyl Alcohol. 316 
Chloro-plienyl hydrazin, 150 
Chloro-pheinl'hyJrazo-aldoxinies. 165 
Chloro-phenvl-bvdroxvlamine, 78 
Chloro-salicvl Chloride, 331 
Chloro salicylic Acid, 333 
Chloro-stilbene Dichlonde. 019 
Chloro-styrol. 405 
Chloro-toluol. 30, 65 
Chloryl-phthalimide, 357 
ChoJesterin. 548 
Cbrysamic Acid. 724 
Cbrysamine, 555 
Chrvsammic Acid, 7*6 
Cbrysaoisic Acid. 309 
Cbrysarobin. 7*6 
Chrvsazin, 7*6 
Cbrysazine, 706 
Chrysazol, 705, 706 
Chrysene, 693. 694 
Chr5rsene-fluorene, 693 
Chryso-diphenic Acid, 694 
C hryso-fluorene, 697 
Chry'so-ketone, 694. 699 
Chryso-ketone-carboxylic Aad, 70X 
Chryso-quinone. 094 
Cbrysophanic Acid, 716 
CtaUa vtrosa, 38, 429 
Cl none. 491 
C'lnenic Acid, 500 
Cineol, 499. 500 
Cmeolic Acid, 500 
CmnamaMavulinic Acid, 439 
Cionameoyl-acrylic Acid, 433 
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Cinnamenyl-dihvdro-resorcin. 459 
Ciananienvl-i>lutaric Actd 441 
Cinnaiiienvl-iUconic Aci.l, 441 
Cinnainenyl-paraconic Acul, 441 
Cmnaineuyl-sucanic Acid, 441 
Cinnamic Acid, 41^ 

Dibromidr, 385 

Dichlondo, 385 

Aldehvde, 415 

Ctnnamomum camphora, 5:9 

crvlantcum, 415 

Cinnamyl-acotonr, 417 
Cinnamy) Alcohol, 413 
Cinnamvl-carboxyhc \ritl, 436 
Cinnamvl C ^auide, 437 
Cmnaruvl-formic And, 437 
Cinnamvlcne-benivlidcnr^acrtojic 640 
Cinnamvlidene-acetic And. 43^ 
Cinnamyhdcne-aceto-phenone. 639 
Cinnamvlidene-fluorcnc (•96 
Cinnamvhdene-indrne, (>43 
Cinnamylidenr-malonic And 440 
Cinnaraylidene-propionic Aiul, 433 
Cinnamylidene-sucnuK And 44* 
Cis-cyclopentane-i, 3-dicarbox\ I k' Acid, ao 
( itral, 42, 490 

Citrabdene-malonic Ester, 43 
C itrene, 491 
CitroneUal, 489 
Citronelhc And. 490 
Citronellol, 4Ss 
CUrus auranUunt, 491 

Bfrtamid 433 

decumana 723 

Claus, 41 
Coal-tar, 50 
Coccoloba uvtjera, 343 
Cochuielir And, 728 
Cocos nuctfeta 454 

piumosa, 454 

Cocosatc 454 
Codein, 689 
Coprulignone, 558 
Colophon\ ,54 3 
Congo Red, 6f»4 

Yellow, 555 

Conifenii 721 
Conifer\l Alcohol, 414, 721 
Conrad, 418 
Convoh uhn, 7 
Convottmlus nrizahen'^ <. “22 
purgfl 722 

Copper -met hvl phcnvl-irurene, 138 
Coriander Oil, 18S 
Cormculanr Acid, 635 
Cotarnic And, 359 
Coto, 573 

Bark, 437 

Cotoin 57 3 
Coupcr, 28 
Crafts, 32 
Creosol, 214 
Cresols, 187 
Crcsol Benrein, 591 
Cresotinic Ands, 334 

Chloride, 33t 

Croconic Acid, 14. 222, 224, 23a 

Hvdnde, 232 

Croton-aldehvdir, 255 
Crotonvlene, 42 
Crystal Violet, 587 
Cubebin, 4x4 
Cudbear, 3x7 
Cumarandione, 3Q0 
C,umaric Acid, 427. 439 

Aldehyde, 4 1 5 

Dimethvl Lther, 437 

Cumanlic Acid, 42K 
Conunn, 328. 427 

Bromide, 428 

Cnmuiii'CarboxylK Amide, 440 
Coowrio Homologues, 428 
Coniarin-roonomethvl -ester Atid, 428 
Conurin-propionK And, 441 
C^smarioes, 185 

Comarioic Dimethyl Ester, 428 


Cumaro>ketonr. 4x7 
Cumarone, 414 
Cumarozime, 428 
Cumic Acid, 250 
Cumic Aldehyde 256 
Cuminal-acctone 4x7 
Cuminic And, 275 
Cumimle, 6ig 
C uminilic Acid, 607 
Cuminoln, 615 
Cuminol, 256 
CumtnuiH cymmuM, 58 
Cumol, 55, 57 
Cumyl Alcohol. 256 
Cumyl-ethvl-amine, 246 
Cuprous Bromide, 124 
Curcuma tonpa, 727 
Curcumin, 727 
Cyan-amidrazone, 168 
Cyan-anilide 106 
Cyan-o-toluic Acid. 3^13 
Cyanated Carbinol 583 
Cyano-benzo-hydrol 574 
Cvano-benroic And 358, 360, 363 
Cyano-benxoic Acul Ester, 358 
Cvano-bcnrol-sulphonic And, 313 
Cyano-benryl Chloride, 348 
Cyano-bcnzyl Cyanide, 363 
Cyano-benzyl-rhodanide, 349 
Cyano-camphor, 535 
Cyano-carone, 514 
Cyano-cinnamic Acid, 435, 439 
Cyano-cumann, 439 
Cyano-cyclopentanone, 22 
Cyano-dlphen^ 1-methane, 574 
Cyano-formanilidc, 107 

Cyano-2-keto pentametbvjene-caibowJic Ester, 22 
CyanO'lauromc Acui, 541 
Cyano-methylenc-camphor, 536 
Cyano-naphthalencs, 681 
Cyano-pbenantbrene, 691 
Cyano-phenin, 290 
Cyano-phenyl-hydrann, xfto, 3x2 
Cyano-tnmethylene-rarl>nxylic Acid, 9 
Cvano-tnphenyl-methane, 595 
Cvchc Amidines, 1 16 

Diazides, 178 

Guanidin Derivatives, xi6 

Ketone Formation, 5 

Syntheses with Malonic Acid listers. Acetic 

Acid Esters, etc , 5 

with the aid of Metallorganic com- 
pounds, 4 

Ureas, xx6, i6x 

Cvclo-butane, x, 6 
c vclo-butanol, 7, xx 
t yclo-bulene, xo 
( yclo-citral, 467 

C vclo-formaiyl-carboxylic Ester, 556 
C vclo'geranic And, 472, 490 
C vclo-geraniolene, 449 
C yclo-heptadiene, 23 
Cyclo-beptadiene-carboxylir Acid, 24 
Cvclo-heptane, 1, 6, 23 
C vclo heptane-carboxylic Acid, 24 
Cyclo heplanol, 23 
Cyclo-beptanol-acetic Acid, 25 
Cyclo-hcptanone, 24 
Cyclo-heptatnene, 23 
Cyclo-heptatnene-carboxylic Acids, 24 
( yclo-heptenc, 23 
Cvclo-heptenc-carboxvlit Acid, 24 
Cyclo-heptenol -ethyl Ether, 23 
( yclo-hexadienes, 449, 450 
Cyclo-hexanes, x, 6, 444, 445 
Cyclo-hcxane-diones, 459, 460 
C,yclo-hexane-tnones, 460 
Cyclo-bexanol, 452, 454 
Cyclo-hex anol acetic And, 474 
Cyclo-hexanolone, 458 
Cyclo-hexanone-carboxyhc Add, 475 
Cyclo-hexanone-pimelin-ketone, 457 
Cyclo-hexenes, 447 448 
Cyclo-hexene-acetic Acid, 473 
Cyclo-hex eiione, 461 
Cyclo-bexenone-carboxylic Aud, 476 
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Cyclo-hex yl-aceto-acetir Ester, 476 
Cyclo-hexyl-acetone, 468 
Cyclo-hexyl-acetylenes, 451 
Cyclo-hexyl-allvlene, 451 
Cyclo-bexyl-amme, 455 
Cyclo-hexyl-aniline, 455 
Cyclo-hexyl Ether, 452 
Cyclo-hcxyl'glycKiu Lstprs, 475 
Cyclo-hexyl-maloruc Acid, 477 
Cyclo-hexyl Mrrcapt,m, 455 
Cyclo-hexyl-inethvl .muiir, 456 
Cyclo-nonane, 1,6, 26 
Cyclo-nonanol, 26 
Cyclo-nonarione, 2^* 

Cyclo-octadiene, 25 
Cyclo-octane, x, 6, 25 
Cyclo-octanone, 26 
Cyclo-paraffins, x, 4 
( yclo-pentadiene, 11, 15 
t yclo-pentane, i , 6 
Cyclo-pentane-aldcli\ cle, 19 
(.yclo-pentane-carbo\>lir Acid, 19 
Cyclo-pentane- 1, 2-d.carboxylic Acid, 13, 20 

X, 2, 4-tnc.irboxylic Acid, 20 

Cyclo-pcntanol, xx, j6 
Cvclo-pcntanol Acid E<'ter, 21 
Cyclo-pentanol-isobut%nc Ester, 21 
Cyclo-pentanol-propionic Ester, 21 
Cyclo-pcntanone, 17 
C yclo-pcntenahlehyde, 19 
Cyclo-pen tene, 1 i 
Cyclo-pentene-acetir Acid, 20 
Cyclo-pentene-carboxylir Acid. 20 
Cyclo-pentene-x, 2-dirarboxvlic \rid, 20 
Cyclo-pentenc-propionic Acid, 20 
Cvclo-pentcnol Acetate, 17 
Cyclo-pentenolcine, 18 
Cyclo-propane, i 6, 7 
Cymo-phenol, 188 
Cymol, 55, 58 
Cystetn, 283 
Cystin, 283 


Deemonornp^ Drnco, 273 
Dale, 580 
Dainbonile, 154 
Daphne atpina, 72X 

mexereum, 430 

Daphnettn, 431 
Daphiun, 721 

ITeca-hydro-acenaphthtne, 683 
Deca-liydro-naphth\ lamine, 687 
Decarboxy-dibroino-carminic At id. 728 
Dehydracetic Acid, 43 
Dehvdro-benral-phcnyl-hydrazone, 167 
Dehydro-camphoric Acid, 542 
Dehydro-fichtelite. 693 
Desmo-tropo-santonins, 725 
Desox y-anisoln 6x4 
Desoxy -benzoin, 6x3 
Desoxv-toluoln, 6x3 
Dessnignes, 282 
Desyl-acetic Acid, 62a 
Dcsyl-aceto-phcnone, 634 
Desyl-anibde, 6x6 
Desyl-bromide, 616 
Desylene-acetic Acid, 62a 
Diacetanilide, 

Diaceto-benzidin, 554 
Diaceto-caflfelc Acid, 430 
Dlaceto-phenol-pbthaleln, 59R 
Diaccto-phenyl-hydrazide, X57 
Diaceto-resorcin, 347 
Diacetonyl-dibenzyl, 623 
Diacetyl, 43 
Diacetyl-benzol, 347 
Diacetyl Compound, 727 
Diacetyl-dioxy-stilbene, 6x9 
Diacetyl-mesitylene, 347 
Diacetyl-pbenetidin, 202 

Diacetyl-tctrainethylsne-dirarboxylic Ester, 12 
Diacid Alcohols. 499 
Diacyl-diphenylene. 691 
Diagonal Scheme, 42 
Dialk-oxy-quinone, 227 

VOL. II. 


Dialkyl-2, 3-dicy ano-tnmethylenc-2, 3*dicarboxylic 
Acids, zo 

Dialkyl-phcnanthrones, 691 
Diamido-anthraqumones, 71 1 
Diamido-azo-benzol, 144, 145 
Diamido-azoxy-benzol, 140 
Diamido-benzo-phenones, 57 x 
Diamido-benzoic Acids, 310 
Diamido-benzols, 35, 79, 1x4 
Diamido-dibcnzyl, 610 
Diamido-diphenyl, 553, 554 
Diamido-diphenyl-acetic Acid, 607 
Diamido-diphenyl-amine, iif» 
Diamido-diphenyl-arsinic Arid, 170 
Diamido-diphenyl LMsulphidr, 209 
Diamido-diphenyl-metbane, 564 
Diamido-ditolyls, 147 
Diamido-divenylamine, 554 
Diamido-fiuorene, 697 
Dianiido-hydrizo-benzol, 146 
r>iamido-meii thane, 504 
Diainido-mesitslene, 115 
Diatnido-naphthalenes, 661 
Diamido-phpiianthreiie, C90 
Diarnido-pbenazin, 116 
Diamido-phenols, 202 
Diaimdo-pspudo-ciimol, 1x5 
Diamido-qiiinone Iininc, 235 
Diamido-stilbene, 612 
Diarnido-tolane, 613 
Diamido-tolurds, 115 
Diaimdo-tnpheny 1 -methane, 578 
Diamines, 113 
Diamine Black, 557 
Diamlido-acetic Acid, 98 
Dianilido-qumone Anile, 238 
Diamhdo-quinone Diauile, 227, 238 
Diamlido-tolu-quinon« , 231 
Diamlmo-fuchsone-ande, 589 
Diamlino-guanulin, 102 
l>ianthra-quinotumu!«*s, 712 
Dianthra-qmnoyls, 717, 7x8 
Pianthranilide, 304 
Diauthranol, 707 
Dianthnmides, 712 
Diatropic Acids, 425 
‘ Diazo-aceto-phenonc 372 
I Diazo-alkah Salts, X2 ( 

I Diazo-amido-benzoic Acids, 311 
f>iazo-amido-bcnzol, 135 
niazo-amido-compounds, X32 
Diazo-amido-dcrivative-s, Formation of, 132 
i bazo-bcnzaldoxime Anhydride, 263 
I), izo-benzoic Acids, 311' 

I ii.izo-bcnzol-anude, 134 
Dnzo-benzol Anhvdnde, 126 
Diazo-benzol-amlide, 135 
Diazo benzol Bromide, 124 

Chloride, X24. 156 

— C'vanide, 128 

niazo-benzol-dimethyl-amine. 136 
Diaro-t»rnzol-cthyl-amidc, 136 
I iiazo-benzol-imide, 138 

Diazo-beiizol-iraido-compounds, Transformations 
of, 138 

Diazo-benzol-methyl-amide, 135 
Diazo-benzol Methyl Ether, 126 
Nitrate, 125 

Diazo-benrol-p-amido-bromo-bt nzcl, 135 
j Diazo-benzol-p-amido'lr luol, 155 
1 I iiazo- benzol perbromide, 125 

Perchlorate. X25 

Diazo-benrol-phenyl-hydrazidc, 168 
Diazo-beuzol-pipcridin, 136 
Diazo-benzol Potassium, 126 

Salts. 123 

Sulphate. 125 

Sulphocy.inide, 125 

Sulphonic Acid 127 

Diazo-benzol-sulphonic-aad Anhydrides 178 
Diazo-benzol Sulphoxide, 136 
Diazo-bcnzol-thio-phenyl Ether, 208 
Diazo-benzolic Acid, Z20 

Methyl Ester, xao 

Diazo-comimunds, zaz 
Ihazo-cyanides, 142 

3 B 



INDEX 


738 

Diato-derivatives, Reactions of, 13a 
Diato-group, Replacement of, by Halogens, 1*9 

of, by Hydrogen, 129 

of, by Hydroxyl, 130 

of, by the Cyanogen Group, 131 

of, by the Nitro-group, 131 

of, by the Sulphinic Acid Residue, 131 

of, by the Sulphvdrate Group, 130 

Diato-hvdrazo-compounds 168 

Diazo-imido-benzoic Acids, 31 z 

Diazo-imido-compounds, 137 

Diaxo-naphthalene Acid, 662 

DiazO'naphthalin*imide, 662 

Diazo-naphthalene-sulphomr And, 665 

Diazo-ozy*amido-benzol, 137 

Diazo-oxy>amido-compounds, 137 

Diazo-per-halides, X23 

Diazo-phcnols, 203 

Diazo-phenol Cyanide, 203 

Dtazo-pseudo-cumolic Acid, 120 

Diaxo-toluolic Acid, 120 

Dtazonium Salts, 124 

Dibenzal-acetone, 6^8 

Dibenzal-acetone Dicbloride, 638 

Dibenzal-diethyl-ketone, 638 

Dibenzal-propio-phenone, 633 

Dibenzamide, 281 

Dibenzamidm-urea, 290 

Dibenzenyl-azo-selenime, 289 

Dibenzenyl-azoxime, 260, 295, 617 

Dibenzo-hydrazide Chloride, 287 

Dibcnzo-hydrvl-bcnzol, 576 

Dibenzo-hydrylaroine, 565 

Dibenzol-sulphimide, 174 

Dibenzol-sulphon-hydroxylaniine, 1 75 

Dibenzol-sulphone-^anthranilide, 304 

Dibenzol-sulphonc-hydrazin, 175 

Dibcnzoyl, 616 

Dibenzoyl-acctic Acid, 631 

Dibenzoyl-acetone, 630 

Dibcnzoyl-acet>’l-methane, 630 

Dibenzoyl-benzols, 576 

Dibcnzovl-dibexizyl, 634 

Dibenzoyl -diphenyl-bu ta . 1 1 me, 640 

Dibcnzoyl-diphcnyl-propatic, 639 

Dibenzoy 1 -ethane, 633 

Dibenzoyl-furaanc Acid, 637 

Dibenzovl-maleic Acid Ester 637 

Dibenzoyl -malic Acid, 637 

Dibenzovl-malo-nitriJe ^31 

Dibenzovl-methanc 63' 

Dibcnzoyl-phenol-phthaleln, 598 

Dibenzoyl-propane, 639 

Dibenzoyl -stilbene, 634 

Dibenroyl-styrol, 634 

Dibenzoyl-succimc Acid, 636 

Dibenzoylene-pyndin, ^49 

Dibenzyl, 27, 244, 609 

Dibenzy] -acetic Acid, 631 

Dibenzyl-aceto-phenone, 630 

Dibenzyl-acetonc-dicarboxyhc Ester, 640 

Dibenzyl, Alcohol and Ketone Derivatives of, 613 

Dibenzyl-amine, 246 

Dibenzyl-aniline, 247 

Di benzyl-anthracene, 704 

Dibenzyl-benzenes, 576 

Dibenzyl-carbmol, 628 

Dibenzyl -carboxylic Acid, 621 

Dibenzyl-dicarboxylic Acid, 622 

DibcnzvI-ethane, 632 

Dibcnzyl-ethylamine, 631 

Dibcnzvl-fluorcne, 696 

Dibenzyl -glycolic Acid, 631 

Dibenzyl Group, Carboxylic Acids of, 62 ^ 

Dibenzyl-guanidin, 247 

Dibenzyl, Homologues of, 610 

Dibenzenyl-hydrazidin, 291 

Dibenzyl-hydrazin, 248 

Dibenzyl-ketone, 627 

Dibenzyl-malonic Acid, 631 

Dibenzyl-methane, 627 

Dibenzyl-oxalate, 244 

Dibenzyl-pbenyl-carbinol, 628 

Dibenzylidene-acetone, 638 

Dibenzylidene-succinic Acid, 636 

Dib^ylindene, 643 


Dibiphenylene diblpbenyl-ethane 627 
Dibiphenylene-diphenyl ethane, 697 
Dibromaniline, 1x0 
Dibromo-anthranilic Acid, 73 308 
Dibromo-anthraquinone, 710, 712 
Dibromo-butane, 7 
Dibromo-camphor, 532 
Dibromo-cmnamic Acids, 422 
Dibromo-cyclo-butane, xo 
Dibroroo-cyclo-butene, ix 
Dibromo-diaro- phenol, 203 
Dibromo-diketo-R-pentenr, 18 
Dibromo-durol, 66 
Dibromo-fluorene, 696 
Dibromo-gallic Acid 341 
Dibroroo-glyoxime Peroxide 108 
Dibromo-hydratropjc Acid 384 
Dibromo-hydrindene. 648 
Dibromo-hydro-bromidc, 728 
Dibromo-isodurol, 66 
Dibromo-menthonc. 50s 
Dibromo-mesitylene, 66 
Dibromo-phenantbrene. 680 
Dibromo-phenol-diazo sulphfinic And 203 
Dibromo-phthalic Acid, 338 
Dibromo-prehnitol, 66 
Dibromo-pseudocumol, 66 
Dibromo-quinonc C hlorimine, 235 
Dibromo-quinone Phenol-iminc 236 
Dibromo-stilbcnes, 620 
Dibromo-styrol, 405 

Dibromo-tetramethvleno-dicarboxylii And X2 
Dicarboxy-valero-lactonic And, 518 
Dicarboxylic Acids, 354 
Dichloracetamide, 48 
Dichloracetic Acid, 221 
Du hloramline, ixo 
Dichloranthrone, 707 
Dichloro-anthranilic Acids, 308 
Dichloro-acctyl-tnchloro-crotonic \cid 48 
Du hloro-benzybdenc-aceto-phrnone, 028 
Dichlorocamphanes, 532 
Dichloro-camphor, 532 
Dichloro-cinnamic And, 422 
Dichloro-diketo-hyclnndcnc, 649 
Dichloro-dinitro-benzol, 72 
Dichloro-hydrindene, 648 
Dichloro-hydroqtimone-disul phonic Acid, 219 
Dirhloro-maleJc And, 47, 48 
Dichloro-malonic Ester, 48 
Dichloro-methyl-chloro-vinyl-o-diketone, 48 
Dicbloro-naphthalencs, 6so 
Dichloro-phenanthrenr. 089 
Dichloro-piperonal Chlorule, 324 
Dichloro-salicyl-chloride, 331 
Dichloro-stilbene, 612, 619 
Dichloro-styrol, 405 
Dichloro-tolane, 613 
Dichloro-toluol, 30 
Dichloro-tnmethylene, 7 
Dicbloro-vinyl-phenyl lodrmium Chloride, 64 
Dichroins, 185 

Dicmnainenyl-chlnro-carUnol, 638 
Dicinnamenvl-dichlorn-methane, 638 
Dicmnamylidene-succiiuc Anhydride, O40 
Dicumarkctonc, 638 
Dicyanamino-benroyl, 305 
j Dicyano-benzol, 360, 362 
, Dicyano-phenvl-hydrazin, 163 
Dicyano-hydroqmnone, 227 
Dicyano-stilbene, 623 
Dicyclic Terpenes, 510 
Dicyclo-hcxyl, 550 
Dicyclopentadiene, 15 
Dicyclopentyl 14 
Diduro-quinone, 229 
Diethyl-aiuline, 89 
Diethyl-anihno-sulphinir And, i8i 
Diethyl-anthranilic Acid, 306 
Dietbyl-antbrone, 706 
Diethyl-carbinol, 11 
f>iethyl-cycIo-hexanc, 446 
Diethyl-^keto-hydrindone, 649 
Dietbyl-dlketo-tetramethylenc-dicarboxylic Ester, 
18 

Diethyl-diphenyl-tetrazone, 167 
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Di«tbyl Biter, 304 
Dietbyl-metbyl*benzo 1 , 59 
Dietbyl'pbenols. 189 
Dietbyl*pbenyl*bydrazin. 152 
Dietbyl-pbenyl-bydrazonium Bromide, 251 
Dietbyl-protO'Catecbulc Acid, 338 
Dlethyl-terepbtbalyl 347 
Diethyl- tetraroetbylene ketone, zz 
DifluorO' benzol, 61 
Difluoro chloro-toluol. 297 
Ditormazyl. z66 
Digaliic Acid, 343 
Digitaligenin, 722 
Digitahn, 722 
Dtgttaltnum verum, 72a 
Digttalu purpurea, 722 
Digitalose, 722 
Digito-flavone, 722 
Digitogenin, 72a 
Digitonin, 722 
Digitozigenin, 722 
Digitoxin, 722 
Digitozose, 722 
Diglycol-anilic Acid. 98 
Diglycol-phenyl amidir Acid, 98 
Diglycol-pbcnyl-amidic Anhydride. 98 
Diglycolic Anile, 98 
Dihalo^en-anthraccnes. 704 
Dihaloids, 369 
Dihippenyl-urea. 284 
Dibydrazone, 649 
Dihydro-anthranol. 709 
Dihydro-benzaldebyde, 467 
Dihydro-benzoic Acids, 472 
Dihydro-benzols, 449 - 45 ° 
Dibydro-camphene-pyrazin. 534 
Dihydro-campholene-lactone, 538 
Dihydro-carapholenic Acid, 539 
Dihydro-carvone, 506 
Dihydro-cumin Alcohol, 454 
Dihydro-cumin-aldehyde. 467 
Dihydro-dicarboxylic Acids, 479 
Dibydro-diphenyl, 5^0 
Dihydro-diphthalyl-di-imide, 621 
Dihydro-eucarveol, 514 
Dibydro-eucarvone, 514 
Dihydro-fcncbolene, 526 
Di hydro-iso- phorol. 462 
Dihydro-m-xylol, 450 
Dihydro-metbyl-tnmesinic Acid 483 
Dibydro-myrcene, 487 
Dihydro-naphthacene. 719 
Dibydro-naphthalene. 683 
Dihydro-napbthalene Derivatives. 683 
Dibydro-naphthalene Dibromidc. 686 
Dibydro-naphtboic Acids 684 
Dihydro o-xylol, 450 
Dibydro-phenanthrene 691 
Dibydro-pheno-tnazin 144 
Dihydric Phenols, 211 
Dibydro-pinylamine 321 
Dihydro-quinazolin. 251 
Dibydro-resorcin, 215 459 
Dihydro-salicylic Acid 476 
Dihydro-shikimic Acid 474 
Dihydro-terephthahc Acids 480 
Dihydro-terpinolene. 497 
Dihydro-toluol. 450 
Dihydro-umbellulone, 513 
Dihydro-uvitinic Acid. 48" 

Di-iodanillne, xxo 
Di-iodo-camphor, 332 
Di-iodo-cinnamic Acid, 42a 
Di-iodo-di-tbymol, x88 
Di-iodo-styrol. 405 
Diketo-hexametbylenes. 459 
Diketo-hydrindene. 640 
Diketo-hydrindene-carboxylic Ester 650 
Diketo-pentamethylene, x8 

Diketo-pentamethylene-3, 5-dicarboxylic Ester. 22 
Diketo-pentamethyIene-3, 4. 5 tricarboxylic Ester, 
22 

Diketo-tetrahydro-naphthylene Oxide, 672, 686 
Diketone-carboxylic Acids, 395 
Diketones, Intramolecular formation of, 9 
Dilliso-apiol, 4x2 


Dimethoxy-pbenantbrene, 690 
Dlmetboxy-pbtbalazone, 352 
Dimethoxy-tolane, 6x3 
Dimethyl-amido-anthrone, 707 
Dimethyl-amido-azo-benzol-f4]-su1phonic Acid, X79 
Dimethyl-amido-triphenyl-nicthane, 578 
Dimethyl-amino-cyclohepterie, 24 
Dimetbyl-amino-tripbenyl-carbinol, 583 
Dimethyl-aniline, 89, X69 
Oxide, 90 

Dlmethyl-aniline-sulpbmic Acid, x8x 
Dimethyl-anthracene, 704 
Dimetbyl-antbranilic Acid, 306 
Dimetbyl-anthrarufin, 716 
Dimethyl-apionol, 223 
Dimethyl-auxin, 593 
Dimethyl-benzamide Chloride, 287 
Diraethyl-benzidin, 554 
Dimetbyl-benzoic Acids, 275 
Dimethyl-benzols, 30, 33 
Dimetbyl-cafielc Acid, 430 
Dimethyl-camphor, 536 
Dimethyl-cyclo-hexadiene, 450 
Dimetbyl-cyclo-hexane, 446 
Diracthyl-cyclo-hcxcne, 449 
Dimcthyl-cyclopentane-carboxylic Acid, X9 
Dimcthyl-cyclopentanone, 17 
Dimethvl-diamino-tnphenyl-carbinol, 583 
Dimethyl -dibenzyl, 610 

Diraethyl-i, 2-diketo-pentamethylene-3, 3- di- 
carboxylic Acid, 22 

Dimethyl-2, 4-diketo-tetramethylene, xx 
Dimethyl-2, 4-diketo - tetrametb vlene - carboxylic 
Ester. 13 

Dimethyl -4, 5-diphenyl-cyclopentanone, 17 
Dimethyl-diphenyl-tetrazone, 167 
Dimethyl Ether, 727 
Dimethyl-fulvene, 15 
Dimethyl -gentisin Alcohol, 320 
Dimethyl-heptmol, 449 
Dimethyl-hydro-phthahde, 343 
Dimethyl-hydro-resorcin, 460 
Dimcthyl-methylenc-tctramethylene, x 1 
Dimethyl -mcthylene-trimethylene, 7 
Dimethyl-morphol, 690 
Dimetbyl-norcaradiene-carboxylic Ester, 641 
Dimethyl'peotamethylene. 11, 14 
Dimethyl-4 -keto-pentamethylene-carboxylic Acid, 
22 

Dimetbyl-phenantbrene. 689 
DImethyl-phenyl-betaIn, 98 
Dimetbyl-pbenyl-bydrazm. 152 
Dimetbyl-pbenyl-oxy - ammonium - chlorohydrate, 

88 

Dimetbyl-pbenylene Green, 239 
Dimetbyl-phthalide, 349 
Dimethyl-phtbalide-carboxyhc Acid, 723 
Dimetbyl-quinol, 320 
Dimetboxy-quinone Oxime. 222 
Dimetbyl-tert -cyclopentanol, 16 
Dimetbyl-tetram'etbylene-ketone. ix 
Dimetbyl-tolane, 613 
Dimethyl- tricarballylic Acid, 517 
Dimctbyl-tnmethyrene. 7 
DImethyl-tnro-thylene-carboxylic Acid, 8 
Dimethyl-tnmethvlene-2, s-dicarboxjhc Acid, 10 
Diraethyl-umbelhferone. 430 
Dinapbtbo-fluorene. 682 
Dinapbtbo-fluorenone. 699 
IMnapbtho-xantbene, 682 
Dinapbtbol-methane. 682 
Dinaphthyls, 68 x 
Dinapbthyl-acetic Acid, 682 
Dinapbthyl-carbinol 682 
Dinapbthyl Ethers. 666 
Dinapbthyl-methane. 68x 
Dinapbthyl Sulphides. 67X 
Dinapbtbylamine. 660 
Dinaphthylene-methanes. 695 
Dinaphtb^lsne-thiophene, 683 
Dinitraniune, xxx 
Dinitro-aceto-pbenone, 269 
Dinitro-anthracene, 704 
Dinitro-anthraquinone, 710 
Dinitro-azo-benzol. 142 
Dmitro-asoxy-benzol, Z40 
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DiDitro-beosaldchvde, a6a 
Dinitro-beosoic Acid, 

Dmitro-bencols, 70, 77 
Dinitro-bencol'axo-benxol, 142 
Dmitro-benzyl>acetic Acid, 631 
Dinitro-chloro-benzol, 73 
Dinitro-cinnainic Acid, 423 
Dtnitro-diaao-amido-benzol, 135 
Dinitro^benzyl, 6x0 
DiDitro-dibenxyl-acetonc, 638 
DmitrcKlichlaro-bcnzols, 72 
Dinitro-dimtroso-bencol, 77 
Dinitrcwdiphenk Acid, 561 
Dinitro-dipbenyl-atuine, 112 
Dinitro*diphenyl-hvdrox3 lamine, 78 
Dmitro-durol, 74 
DiDitro^tbyl’l^nzol, 73 
Dinitro-hydroquinonc, 219 
Diaitro-isodurol, 74 
Dinitro-m-xylol, 73 
Dmitro-mesitylcnc, 73 
Diiutro>naphthalrne, 659 
Dmitro-o-xylol, 73 
DioJtrcMixaiiilidc, 108 
Dmitro-p-tolyl-melhvl-nitraimnc, 1 20 
Diiutro-p-xylol, 73 
Dimtro-phenols, 196 
Dinitro-phenol Ether, xoi 
Dioitro-phenyl-hMlroxvlaminp. 78 
Din>tro-phenvl-m iloxut Ester, 306 
Dinitro-phenvl'nitramine, X2i 
Dmitro-prehnitol, 74 
Dinitro-pseudocuinol. 73 
Dmitro-stilbene, 612 
Dinitro-toluol, 72, 73 
Dinitro-tnchloro-benzol, 72 
Dinitroso-beaxol, 77 
Dimtroso-naphthalene, 659 
Dinitroso-toluol, 76 
Dios'pbenol, 508 
Dioxmdol, 378 
Dioxv*anthracene, 708 
Dioxy-antbra-cumann, 708 
Dioxy-antluaqmnones, 714. 7t^ 
Dioxy-anthrone, 707 
Dioxy-azo-beux^, 206 
Dioxy-beozal-diketo-hydrindene, 649 
Dioxy-bcnxaldehydes. 323 
Dioxv-benzo-pbenonrs, 226, 573 
Dioiy-bentoir Acids, 336 
Dioxy-benzoK, 30 3s 117 
Dioxy-benxyl AlcohoK, 320 
Dioxy-benxyl-amine, 321 
Dioxv-bipbenyls, 55^> 

Dioxy-cinnamic Acid, 431 
Dioxy-dibenxal-acetone 638 
Dioxy-dihvdru-shikiraic Acid 474 
DioT •> 'dimctbyl'trmhenvl-methane, 590 
i>ioxy-dinaphtbyl Sulphide, 671 
Dioxy-diphenyl, 557 
Dioxy-diphenyl-methane, 565 
Dioxy'dipbenyl'Sulphone, 180, 227 
Dioxy-diquinoyl, 231 
Dioxy-duiylic Aad, 339 
Dioxy-hexahydro-tcrepbtbabc Acid, 481 
Dioxy-bydro^mpbolnuc Acid, 338 
Dioxy-iso-pbtbalic Acid, 361 
Dioxy-m-xylo-quinone, 231 
Dioxy-nacthyl-anthraquinone, 7x6 
Dioxy-raonocarboxylic Acids, 336 
Dioxy'Dapbthacene>quinone 719 
Dioxy 'naphthalene, 670, 671 
Diozy*tiapbthoic Acid, 679 
Dioxy-phenanthrenr-quinone, 693 
Dioxy-phenvl-acetic Acid, 340 
Dioxy-phenyl'fatty Arids, 339 
Dioxy-phcnyl-olefin-carboxylic Acids, 429 
Dioxy phthalimide, 359 
Dioxy 'quinone, 230 
Dioxy-quinone-dicarboxylic Ester, 482 
Dioxy-stilbene, 612 
Dioxy'terepbtbalir Acid, 362 
Dioxy-terephtbalic Ethyl Ester, 362 
Dioxy-tetraxotic Acids, 290 
Dtoxy'tbyino>quinone. 231 
Dioxy-toluic Acids, 339 


Dioxy-triphcnyl-carbinol, 591 
Dioxy>triphenyl-methane, 390 
Dipentamethejiyl, 14 
Dipentene, 491 
Diphenacyl, 633 

Diphenacyl-aceto-acetic Ester, 639 
Diphenacyl-amine, 372 
Diphenamino Acid, 361 
Diphenanthiyl'axin, 690 
Diphenic Acid. 360 

i Anhydride, 561 

I Chloride, 561 

Dipbenimide, 361, 692 
Diphenin, 146 
Diphenol-ethane, 604 
Diphenoxy-acetic Acid, 191 
Oipbonvl, 27, 550 

I >iphenvl-aceuaphthcnf »iK‘, 683 
I )iphenvl*acet-anudin, os 
Diphenyl-acetic Acid, ('39 
Diphcnyl'accto-iiitrile, 606 
Ihphcnyl-acetonr, 605 
Oiphenyl-acetylenc, 613 
j Diphenyl-aconic Acid, (toS 
' Diphenvl-adipic Acid, 623 
Diphenyl-anthracene, 704 
Diphenyl-anthranilic Acid, 306 
Diphenyl-anthraquinone-methaiie*, 706 
, Diphcnyl-anthrone, 707 
Diphenyl-arsenious C blonde, 1 70 
Diphenvl-arsinic Acid. 170 
1 Diphenyl-barbituric At 1(1, 109 
i Diphenyl-benramide, 282 
; Dipbenvl-benramidin, 290 
j D.phenyl-benrols, 562 

Diphenyl-benzvl-sultame, 581 
Diphenvl-biguanide, 104 
1 Diphenvl-bismuth Iodide, 170 
I Diphenyl-bmrel, 100 
I Diphenvl -boron Bromide 170 
j Diphenyl-boron Chloride, 170 
I Diphcnyl-bromo-methane 565 
1 Diphenyl-butadiene, 632. 640 
1 Diphcnyl-butadiene-acetic Acid, 636 
] Diphenyl-butemn, 633 
! Diphenyl-butenone, 633 
Diphenyl-butylene, 632 
Diphenyl-butyxic Acid, 608 
Diphenvl-butvro-lactone, 631 
Diphenyl-carbazide, it>o 
Diphenyl-carbazide-dicarboxvlic Ester, x6o 
Diphenvl-carbazone, 160 
iMphenyl-carbinol, 365 
Diphenyl-carbinol Chlonde, 565 
Diphenyl-carbo-diarone, 160 
Diphenyl-chloro-metbanr, 365 
Diphenvl-citracoiuc Acid, 608 
Diphenyl Compounds, Formation of, from Diazo- 
derivatives, 131 
Diphcnyl-crotO'factone, 608 
Diphenyl Cyanamide, 106 
Diphenyl-cyclopentane, x8 
Diphenyl-cyclopcntenolone, 17, 638 
Diphcnyl-cyclopcntenolonc-acetic Aad, 17 
Diphcnyl-diacetylcne, 633 
Diphenyl-diacipiperazine, 97 
r )iphenyl-dibromo-quino-methane, 59 x 
Dipbenybdiethylene, 632 
Diphenyl-dihydro-antbracene, 707, 709 
Diphenyl-dihydro-resorcin, 459 
i Diphcnyl-diketo-hcxanc, 640 
; Diphcnyl-diketo- nonane, 640 
I Diphcnvl-dikcto-ortane, 640 
' Diphenyl-dimethvl-elhane, 6x0 
! Diphenyl-dinitro-butvlenc, 63a 
Diphenyl-dinitro-ethane, 6x1 
Diphenyl -dinitro-methane, 569 
Diphenvl-dioxy-anthracene Hydride, 709 
Diphenyl-ethane, 603 
Diphenyl -ethenyl-amidin, 97 
Diphenyl-ethylene, 610 
Di phenyl-ethyicnc-chloro-h y dri n , 605 
Diphenyl-ethylene-diaraine, 615 
Diphenyl -ethylene Oxide, 615 
Dtphenyl-formamidin, 96, 97 
Dipbeoyl'fulvene, 13 
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Dipbenyl-furfurane, 633 
Diphenyl-glutaric Acid. 623 
Diphenyl-glycin-anhydnde. 97 
Diphenyl-glycolic Acid 607 
Dipbenyl-glycolide, 377 
Diphenyl-glyozal, 616 
Diphenyl-guanidin, 104 
Diphenyl-nexadiene, 640 
Diphenyl-hydantoln, 100 
Dipbenyl-hydrazm, 145, 146. 150. 167 
Diphenyl-hydroxylamine. 78 
Diphenyl-indone, 646 
Dipbenyl-iodomuin Hydroxide, 61 

Iodide, 64 

Diphenyl-iso-butaoe, 610 
Diphenyl-iso-dibydro-tetrazine, 158 
Diphenyl-itaconic Acid, DoS 
Diphenyl-ketene, 605 
Diphenyl-ketipic Acid, 637 
Diphcnyl-kcto-tetrahydro-a-triazin, 1 :,H 
Diphenyl-ketonc, 567 
Di phenyl-maleic Acid, 623 
Diphenyl-malonyl-urea, log 
Diphenyl-methane, 27. 5^3. 602 
Diphenyl-methane C arboxylic Acids 574 
Diphenyl-methyl-benrahlehyde, 594 
Diphenyl-methyl-cyanidm, 290 
Diphenyl-methvl-quino-methane, 591 
Diphenyl-mono-biphenvl-carbinol, 581) 
Diphenyl-nitrosamine, 119 
Diphenyl-mtroso-amine, 149 
Diphenyl-octa-tetrerie, 640 
Diphenyl-oxalyl-diacetic Acid, 637 
Diphenyl-oxethylamiiie, 615 
Diphenyl Oxide, 191 
Diphenyl-oxy-biazole, D17 
Dipbenyl-oxy-( yamdin. 290 
Diphenyl-oxy-formamidin, 96 
Diphenyl-oxyguanidin, 104 
Diphenyl-parabanic Acui, 109 
Diphenvl-pentamethvlenc, 14 
Diphenyl-phenanthrenc, 689 
Diphenyl-phenol, 636 
Diphenyl-phenylenes, 562 
Diphenyl-phosphine, 169 
Diphenyl-phosphine Chloride, 169 
Diphenyl-phosphinic Acid, 169 
Diphenyl-propane, 610 
Diphenyl-propio-phenono. 629 
Diphenyl-propionic Acul, 607, 608 
Diphenyl-propylene, 627 
Diphenvl-phthahde, 595 
Diphenyl-pyridazin, 634 
Diphenyl-quino-methane, 391 
Dipheno-quinone, 538 
Diphenyl Selenide, 183, 2x7 
Diphenyl-selenium Oxide, z8i 
Diphenyl-selenone, 183 
Diphenvl-semicarbazide, 160 
Diphenyl-silicol, 171 
Diphenyl Substitution Products, 331 
Diphenyl-succinic Acid, 622 
Dipbenyl-sulphide, 183 
Diphenyl-sulpho-carbazide, 162 
Diphenyl-sulpho-carbazone, 142, 162 
Diphenyl-sulpho-carbo-diazone, 162 
Dipbeny]-sulpho-seinicarb.izide, 161 
Diphenyl-sulpho-urea, 102 
Diphenyl-sulphone, z8i, 182 
Diphenyl-sulphone-phlh dide, 333 
Diphenyl-sulphoxide, z8i, 182 
Diphenyl Telluride, 2zz 
Diphenyl-tetraketone, 635 
Diphenyl-tetraketoxime, 635 
Diphcnyl-tctramethyleiie-dicarboxylic Acid, Z3 
Diphenyi-tetrazolium Hydroxide, z6<> 
Dipheuyl-tetrene-dicarboxylic Acid, Z3 
Diphenyl-thio-carbonu Ks'ter, Z93 
Diphenvl-tiichloro-etbane 604 
Diphenyl-triketo-peiitamethylene, 1 8 
Diphenyl-triketone. 630 
Diphenyl-uramile, Z09 
Diphenyl-urazin, 160, z6i 
Diphenyl -urea, 99, zoo 

Chloride, 99 

Diphenyl-uric Add, Z09 


Diphenyl-^-urlc Acid. 109 
Diphenyl-valeric Acid, 62 z 
Diphenyl-violttric Acid, 109 
Dipbenylamine, 79, gi 

Blue, 389 

Diphenylene-acetic Acid, 700 
Diphenylene-diketone, 709 
Diphenylene-diphcnyl-ethan«', 698 
Diphenylene-diphenyl-ethylcne, 698 
Diphenylene diselenide, 2x3 

Disulphide, 209, 2x4 

Diphenylene-|ilycollic Acid, 692. 700 
Diphenylene-iodomum Iodide, 532 
Diphenylene-ketene, 700 
Dipbenylene-ketone, 692, 699 
Diphenylene-ketone-carboxylic Acids, 700 
Diphenylene-methane, 693, 696 
Diphenylene Oxide, 186 
Diphenylene-phenanthrene, 699 
Diphenylene-pbenanthrone, 698 
i>iphenylene-phenyl-carbinol, 697 
Diphenylene-phenyl-metbane, 6g7 
Diphenylene Sulphide, 2x0 
Diphenylin, Z47 
iiiphthalide Ether, 35 z 
Ihpbthalyl, 62 z 
Diphthalylic Acid, 620 
Diproto-catechuic Acid, 337 
Dipterix odoraia, 428 
Diquinoyl-dioxiine, 2x6 
1 lisalicylide, 33 z 

Dis-diazo-amido-compounds, X32 
Dis-diazo-benzol-amide. 1 35 
Dis-diazo-benzoI-aniUde, Z3S 
Dis-diazo-benzol-ethyl-amine, Z3O 
Dis-diazo-benzol-methyl-aininf , 1 36 
Dtsodium Salicylate, X92 
Disuberyl, 23 

Disulpho-benzoic Acid, 3x4 
Disulphones, zSz 
Disulphoxides, z8o 
Ditetramcthylene-ketone, zi 
I iithio-amline, 209 
I iithio-benzoic Acid, 280 
I >ithio-diphenyl-pbthalide, 396 
Dithio-diphthalyX 62 x 
Dithio-hvdroquinone, 220 
Dithio-malon-anilide. 108 
Dithio-oxandide, 108 
IHthlo-sahcylic Aci 1 , 332 
Di toluol -sulpho-bvdrox a mic Acid, Z75 
Ditolyl-araines, gi 
Ditolyl-disulpbone, i8z 
Ditolyl Ketone, 568 
Divinyl-benzol, 408 
Dixylylene Disulphide, 344 
Doebner, 384 

Dryobalanops camphora, 526 
Dundin, 86 
Durol, 55, 58 
Durrhin. 723 
Dypnonc, 629 

Dvpnone-hydroxylamine, 629 


Elxmicxn, 412 
Ellagic Aad, 341 
Eraeraldin, 237 
Emodin, 724 
Emulsin, 720 
Eosm, 600 

Ephedra valgarts, 369 
Epbedrin, 369 
Eriodictyol, 629 
Erlenraeyer. E., 38a 

Sen., 123 

Ervtbnn 339 
Ervthnnic Acid 339 
Erythro-oxy-anthraquinone, 714 
Erytbrol Tetrabeuxoate, 278 
Frytbrosin, 600 
Lstragol, 409 
Ethene-pyrocatecbin. 2x3 
Ethenyl-phenyl-bydrazin, Z63 
Ethine-diphtbalvl, 637 
Ethoxy-benzaldoxime, 322 
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Ethoxy-beoxo-thiasol, xox 
£thoxy>cinxiamic Ester, 436 
Etboxy-cumaria, 437 
Ethoxy-cyanammo'benzoyl, 305 
E thoxy-methyleae-amliue, 95, 253 
Ethoxv-mustard Oil, xoi 
Ethoxy-phthalide, 3sx 
Etbyl-acetanilide, 95 
Etbyl-amido-cianamic Acid, 423 
Etbyl-amline, 89 
Ethyl-anthramlic Acid, 306 
Ethyi-anthraaol-ethyl Ether, 706 
Ethyl-benxoic Acids, 274 
Ethyl- benzol, 30, 55, 57 
Ethyl-campho-carboxylic Ethvl Ester, 335 
Ethyl-camphcw, 536 
Ethyl-chav icol, 409 
Ethyl Chloride, 64 
Ethyl-diphenyl-iso-urea, xoo 
Ethyl Ester. 99 
Ethvl -duorene, 700 
Ethvl-gallic Ester, 34 x 
Ethvl LuO-forniamUde, 95 
Ethyl-iso-thio-acetanilide, 96 
Ethvl-ketone, 11 
Ethyl-mesitylene, 59 
Ethyl-methyl Ester, lox 
Ethyl Ortho-benzoate, 297 
Ethyl-orthobenzoic Ester, 297 
Ethv 1 - phenols, x88 
Ethyl-phenyl-dithio-urethane, xox 
Ethv'l-phcnvl Ether, 190 
Ethyl-phenyl-hydrazm, 151 
Eth\d-phenyl-ij»o-urea. xoo 
Ethvl-pheuyl-methvl-iso-urea, xoo 
Ethyl-phenyl-oxahc Ester, 193 
Ethyl-phenyl Urea, 99 
Ethvl-pseudo-cumol, 59 
Etbyl-phthalide, 349 
Ethyl-stilbene, 6zx 
Ethvl-suberane, 23 
Ethyl- toluol, 57 
Ethylene-carbamhde, too 
Ethylene-diphenyi-diamine, 90 
Ethylene-dipbenyl-disulphone, xSx 
£th>lene-monophenvl-diatnine, 90 
Ethylene-phenyl-bydrazm, 132 
Etbylene-pbenvl-urea, 100 
Ethylene-succinic Acid, 162 
Ethybdene-anilme, 91 
Ethyhdene-camphor, 336 
Etbyhdene Chlonde, 64 
Ethyhdrne-cyclopcutane, X3 
Etbvhdene-dibenzamide, 282 
Etbyhdene-dipbeny] -diamine, 90 
Etbyhdene-phthalide, 434 
Ethylidene-propiomc Acid, 47 
Eueal^ptol, 499 
Eucalyptus, 2x2 
Eucalyhus amyi^daltMa, 494 

globulus^ 520 

mactdaia, 489 

Eucarvone, 23, 514 
Eucbrotc Acid, 367 
Eugenia caryophyllaia, 4x1 

ptmenia^ 4x1 

Eugenic Acid, 4XX 
Eugenol, 368, 4x1 
Eugenol-metbyl Ether, 4x1 
Eupaiorium ayapana, 2x9 
Flupitton, 394 
Eiipittomc Acid. 594 
Eurbodins, 144 
Euthio-cbronate, 219 
Euxantbic Acid, 7^5 
Evernta prunasini, 339 
Evcminic Acid, 339 
Exalgin, 95 

Faraday. 30 

Fatty Acid Derivatives, 157 

Aromatic Sulphides, a 10 

Febling's Solution, X49 
Feoebelylaniiiie, 529 
Fencbene, 525, 529 
Feocbeool, 328 


Feocholenamine. 539 
Fenchone, 38 345 
Fenchyl Acetate, 328 

Alcohol, 328. 329 

Bromide, 528 

Chlorides, 528 

Fencbylamine, 329 
Ferulic Acid. 430 
Fichtelite, 693 
Ftcus eUtstua, 349 
Fischer, 149. 384 38O 7x9 
Fisetol-dlmetbyl Ether, 726 
Fittig. 32, 418 
Flavanilin, 95 
Flavanthrexie, 7x1 
Flaveanlc Hydride, X64 
Flavo-phenin, 333 
Flavo-purpurtn, 7x7 
Fluo-mtro-benzoic Acid, 399 
Fluorane, 398, 399 
Fluorantbene, 30, 70X 
Fluorantboquinone, 70X 
Fluiveoe, 27, 50, 650, 695, 696 

Alcob^, 692, 699 

Fluorene-carboxylic Acid, 700 
Fluorene Group, 693 
Fluorene-oxalic Acid, 700 

Ester, 696 

Flumenol, 6gg 
Fluorenone, 699 
Fluorenone-oxime, 696 
Fluoresceins, 599 
Fluoresceln-aniltde, 600 
Fluoresceln-carboxyl-methyl Ester, 6<x> 
Fluoresceln-pheoyl-bydrazide, 600 
Fluorescine, 39s 
FI uoro- benzols, 60. 6 x 
Fluoro-napbtbalenes. 658 
Fluoro-tofuol, 65 
Formaldebyde-anihne, 89 
Formaldebyde-diantbranilic Acid, 306 
Formamidine-benzo-hydryi. 565 
Forroamlide. 94 97 
Formazyl, 142 
Fortnazyl-acrylic Acid, 166 
bormaryl-azo-beiizol 166 
1 onnazyl-benzol, 292 
Formazyl-carboxyhc And. 166 
Formazyl Compounds, i(> 3 . *63 

Derivatives, 137 

Formazyl-glyoxahc Acid, 166 
Formazyl Hydride, x6(» 
Formazyl-methyl Ketone, 166 
Formyl Acetanilide, 93 
Formyl-acetic Ester, 43 
Formyl-aceto-pbcnone, 374 
Formyl-acetone, 43 
Formyl-amido-phenol, 200 
FcHinyl’antbrauilic Acid. 302 
FcMmyl-benzamide, 281 
Formyl-campbor, 336 
Formvl'bippunc Ester 283 
Formyl-phenyl-glycin 98 
Formyl-pbenyl-bydrazule, 137 
Formyl-pbenyl-hydroxylamine, 78 
Formyl -propionic Acid 43 
Frangulin. 7x7* 724 
Fraxetin. 431 
Fraxin, 721 
Fraxinui excelsior, 721 
Friedel. 32 
Fuebsine. 384 

Fuchstne-sulphurous Acid. 585 
Fuchsone, 391 
Fulvenes, 13 
Furazane, 233 

Galtpea ojJUcinalttt 347 
Galipene, 347 
Gall-accto-pbeooDe, 327 
Gallanol, 341 
Galleln, 601 
Gallic Acid 340 
Gallic-acid Anilide 341 
Gallic Aldehyde, 323 
Gallo-bromol, 341 
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Gallo carboxylic Acid 963 
Galloflavin, 341 
Gallo tannic Acid, 342 
Gaily 1 gallic Acid 343 
Garancin, 714 
Garden, 650 
Garlic, Oil of, 408 
Gaultherase, 721 
Gaultberla, 721 

Gaulthena procumtens, 328 330 
Gaultberio, 721 
GeTn 721 

Gelsemtum umpetviten'i, 721 
Gentisin. 725 
Gentisin-aldebyde, 325 
Geotisinic Acid, 339 
Geranic Acid, 490 
Geramal, 490 
Geraniol, 42, 488 
Geraniolene, 449 
Gibson, 74 

Glucose-cumaraldebyde, 721 
Glucose Pentabenzoate, 278 
Glucosides, 221, 719 
Glutaconic Acui lister, 43 
Glycerine-monophenyl tiii'r, 190 
Glycerol Tnbenzoate, 278 
Glyco-vanillin, 721 
Glycocoll, 177 
Glycol-chloro-hydnn, 684 
Glycol Dibenzoate, 278 
Glycol-dipbeiivl Lther, 190 
Glycol-monophen3 1 Kther, 190 
Glycol-phen>l-urea, loo 
Glycosides. 719 
Glyoxal-dipyr^icatecliio, 213 
Glyoxalins, iio 
Glyoiimc-N-phenyl-ether, 107 
Gorgonta Caroiintt, 382 
Graebe, 586, 714 
Gness, 123 
Guaiacol, 212 

Guaiacol-sulphonic Acids, 213 
Gum Lac, 548 

HiCMATtlN-AMMONIA, 726 
Hsematin, 726 
Ha?m,itoxylin, 726 
Hamatoxvlon lampfchia'n »* . 726 
Halogen Benrcui Acids, 

Diphenyls 551 

Hydrins 3(>8 

Phenanthrenes, f-sg 

Haloid Anhydritles of lln* Aromatic Acids. 2-s 

Cinnamu AckIs, 4-1 

Nitro-pheiiols, 19'' 

Hantzsch, 124, 250 
Hcdtoma p%tlegto%des, 503, 307 
Helianthin, X13 
Helicin, 322, 720, 721 
Heliotropine, 324 
Hemi-mellitic Acid, 363 
Hemiraellithol, 35, 57 
Heptacarbocyclu t onipoimds, 22 
Heptacbloro-resorcin, 48 213, 4bo 
Heptamethylene, i, 3, 2.3 
Heptamethylene-terpene, 23 
Heptanaphthene, 446 
Heptyl-benzol, 60 
Hesperetol, 410 
Hesperidene, 491 
Hcspendin, 221, 723 
Hesperitin, 628 

Hetero-ring Formations in Formaz^l Compounds, 
x66 

Hexa-bromo-cyclo-butane, 1 1 
Hexa-bromo-triketo-cyclo-hexane, 46 1 
Hexa-carbocyclic Compounds, 27 

Hexa-chloro-a-oxy-cyc]opeotene-carl>o\v]ic Acui, 

20 

Hexa-chl(»*o-benzol, 6x 
Hexa*chloro>cvclopentenones, x8 
Hexa-chloro-keto-R-jpentene, 47 
Hexa-chloro-diketo-R-hexene, 47 
Hexa-chloro-p-diketo-R-hexene, 47 
Haxa-chloro-R-pentene-oxy-carboxylic Acid, 47 


Hexa-chloro> [1 3 sl-triketo-R-hexylene, 48 
Hexa-etbyl- benzol, 55, 37 
Hexa-hydro-aceto-pbenone, 467 
Hexa-bydro-benzaldebydc, 466 
Heza-bydro-benzoic Acids, 470 
Hexa-bydrO'benzols, 444 443 
Hcxa-bydro-beozyl-amine, 456 
Hexa-hydro-carvacrol, 432 
Hexa-bydro-cymol, 497 
Hexa-bydro-dicarboxybc Acids, 477 
Hexa-bydro-dioxy-benzoic Acid, 474 
I Hexa-hydro-dipbenyl, 530 
I Hexa-bydro-fluorene, 696 
Hexa-hydro-iso-pbthalic Acids, 478 
Hexa-bydro-mandelic Acid, 473 
Hexa-hydro-oxy-benzoic Acids 473 
Hexa-hydro-oxy-phenyl Fatty Acids, 474 
Hexa-bydro-pbenol, 432 
Hexa-hydro-phenyl-acetic Acid, 472 
Hexa-hydro-phenyl-propiolic Acid, 473 
Hexa-hydro-phenyl-propionic Acid, 472 
Hexa-hydro-phenyl-tetrtdic Acid, 473 
Hexa-hydro-phthalic Acids, 477 
Hexa-hydro-propio-pheiione, 468 
Hexa-bydro-pseudo-cumol, 446 
Hexa-hydro-sahcylic Acid, 473 
Hexa-hydro-terepbthdlu Acids. 478 
Hexa-bydro-tetraoxy-benzoic Acid, 474 
Hexa-hydro-tbio-pbenol, 455 
Hexa-hydro-thymol, 452 
Hexa-hydfo-toluol, 446 
Hexa-i(^o-benzol, 62 
Hexa-methoxy-aurin, 594 
Hexa-methoxy-benzilc 619 
Hexa-methoxy-beri/iht Acid, 607 
Hexa-methyl-benzol, 39 
Hexa-methyl-benzol, 55, 39 
Hexa-roethyl-p-leukauiiine, 90 
Hexa-methyl-para-rc»aniliii, 587 
Hexa mcthyl-tnamido-tnphenil carbinol, 588 
Hexa-methyl-tnamido-tnphenvl methaiic, sM* 
Hexa-methylene, x, 3, 13, 445 
Hexa-mctbylene-carbow lu .Aci-b, 470 
Hexa-raetbylcne-leti.u trbuxylic And, 484 
Hexa-nitro-^iphenyl*aniii«c, 112 
Hcxa mtro-bydrazo benzol, T4t> 
llcxa-oxy-benzene, 224 
, Hexa-oxy-bipbcnvl- -isr 
! Hcxa-pbenyl-eUi.ine , < 

I Hexa-pben>l-nielauiim , 107 
j Hexvl Iodide, 42 
Hipparalfin, 282 
Hippenvl-uretbane, 284 
Hippurazide, 284 
Hippunc Acid, 282 

Nitrile, 283 

Hippurvl-phenyl-buz\ lene, 168 
Hlasiwetz, 221 
Hoff, Van, 477 
Hofmann, 30, 145. 5*5 
Hoino-benzoylaled Para dins, 268 
Homo-cafieic Acid, 430 
Homo-camphonc Acid, 544 
Homo-eno-dictyol, 028 
Huino-fenilic Acid, 430 
Homo Gentisinic Acid, 340 
Homo-iso-phthalic Acid, 364 
Humo linaloof, 489 
Homo-phthalimide, 363 
Homo-piperonal, 325 
Homo-piperonyl Alcohol, 321 
Homo-proto-catechuic Aiui, 339 
Homo-pyrocatechol, 214 
liomo-sahgenin, 3x6 

Homo-tanacetone-dicarlK>x>lic Acid, 310 
Homo-tcrephthalic Acid, 304 
Homo-terpenylic Aad, 3x7 
Horoo-veratnc Acid, 340 
Homologous Anthraquinones, 7x0 

Cinnamic Acids, 424 

Iso-phthalic Acidb, 3<>o 

Monoxy-bcnzaldehydes, 323 

Olefin'Oenzuls, 400 

Phenols, x86 

Phenyl-glyoxylic Acids, 390 

Pyrocatechob, 2x4 
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Homoloj^es of Beojcoic Acid, ^274 
Hordenin, 5x6 
Hdbner, 3a 
Hydra -buxule. 616 
HydracrvUc Acids, 383 
Hvdrastic Acid, 359 
Hydrate de Phitivlc, 186 
Hvtlratropic Acui, 276 
Hydratropic Nitrile, 287 
Hydrazi'dicarbon-auiUde, loi 
Hvdraaidins, 163. agi 
Hvdrandoximes, 296 
Hvdraains, 123 
Hsdraziu-beozoic Acids. 312 

Lactaxame, 312 

HvdratiQ-ciDnaniic Acid, 421, 424 
Hydraain Compounds. 143 
Hydrasin-salicyhc \cid 333 
Hvdraxino-diphenvl 556 
Hvdrato-benzoic Acid, 312 
Hvdraxo- benzol, 69, 145, 146 
Hvdrazo-benzol-m-disulphouic \c\d, 179 
Hydrazo-compounds. 145 
Hvdrazo-naphthalene 603 
Hvilrazo-naphthahn, 663 
Hvdrazo-phenols. 206 
Hvdrazo-toluene, 147 
Hvdrazo-toluols, X46 
Hvdrazo-tnphenyl-mi thane, 581 
Hydrazo-xylols, 146 
Hydrazoic Acid, 284 
Hydrazones, 266 
Hydrazoximes, 133 
Hvdnndamme, 647 
Hydnndene, 647 
Hydnndene Dmvatives, 647 
Hydrindic Acid, 378 
Hydrindone, 647, 648 
Hydnndooe-azine, 647 
Hydro-anthracenes, 708 
Hydro-aromatic Ald»'h\de¥, 4^6 
— — Carboxylic Aci.li. 4(»o 

Dtcarbozylk K. ids, 47; 

Hydrocarbons, 443 

— — Ketones, 467 

— Monocarbozs he Acids. 469 

Substances, 2 

Hydro-benzarnidc, 257 
Hvdro-benzoln, 254. 614 
Hsdro-benzol Derivative?, 443 
Hydro-benzol-tetracarboxv lie AetJs, 484 
Hydro-benzol-tricarlxjxvlK Acids, 483 
Hvdro-carieic Aad. 340 
Hvdro-carbo-st^Tile 31 1 
Hydro-cinnamic Acid, 276 

Aldehyde, 256 

Axidc, 284 

- — Hydrazide, 284 

Nitrile. 286 

Hydro-cumamide, 415 
Hydro-cinnamoTn, 610 
Hydro-cinnamv 1 AI< otiol, 242 
Hydro-carulignone, S57 
Hydro-cormculanc Ac id, 637 
Hydro-cotoln, 573 
Hydro-cumanc Acids, 336 
Hydro-cumariltc Acid 381 
Hydro-cumarin, 336 
Hydro-dicami^eQe. 325 
Hydro<4iphthalyl-lactr«nK Acid, 621 
Hydro-fluoranic Acid 595 
Hydro-juglonea, 671 
Hydrolytic Condensation. 44 
Hydro-naphthalene Derivatives, 683 
Hydro-naphtho-quinorie, 070 
Hydro-p-zylo-quinone, 219 
Hydro-phenanthrenes, 691 
Hydro-phlorone, 219 
Hydro-phthalide, 343 
Hydro-pinene-carboxylic Acid, 535 
Hydro-piperic Acid, 430 
Hydro-quinone, 33 
Hydro-quinone-benzefn, 392 
Hydro-quioone-carboxvlic Acid, 339 
HydroHjuinone Diacetate, a 18 
— Dioeozoate, 219 


j Hydro-quinone Disulphide, 223 

Lactic Acid, 381 

I Hydro-quinone-monoiiiethyl Etlier, 4x8 
j Hydro-quinone-phenyl-phthalide, 596 
I Hydro-quinone-phthali'In, 601 
Hydro-quinone-propioiiic And, 340 
Hydro-quinone-succinein, 399 
I Hydro-terpenea, 496 
i Hydro-tetrazones, 167 
j Hydro-tropilidene, 23 
1 Hydro-umbellic Acid, 340 
; Hydroxaroic Acids, 254 

I Their Ethers and Esters, 392 

; llydroxamoximes^ 297 
! Hydroxime-acid Chlorides, 292 
' Hvdroxy-campho-carboxyhc Acid, 544 
H ydroxylamino-anthraquinones, 710 
llydroxylamino-benzaliiehyde, 262 
Hydroxylamino-benzaluoxime, 262 
Ilydroxylamino-benzN i-alcohol, 250 
Hydroxylainino-carbox)lir Acids. 300 
I Hydroxvlamino-rarvoxiinc, 510 
; Hydroxvlamino-hvdro-ciiinamic And, 383 
' Hyssopus offianalis, 521 
llystazarm, 715 
I Hystazanne, 2x2 

j llUcxum amsotwm, 410 

religtosum, 337. 4**, 474 

Imidazols, iin 
Imide, 98 

Imido-benzoyl-cyano-methane. 39a 
Imido-chlondes, 287 
Imido-dibcnzvl, 6x0 

Irnido-oxy-naphthalene-sul phonic Acid, 670 

Imido-phenyl-carbamimc Thia-melhvl Ester, 102 

Imino-benzo-phenone, 569 

Imino-2-cvano-c>clopentanc, 22 

imino-3-cvano-cyclopentane-X'Carboxylic Ester, 22 

Indacene, 650 

Indaraines, 238 

Indanone 647, 64B 

Indanthrene, 71 x 

Indene, 27 

Indcne-carboxylic And, 646 
Indene Derivativ. s, 1,13 
indene-oxahe Lt ivl Lsler, 646 
Indiazonoxime, 2' } 

Indigo, 95, 98 
Indo-amine, 1x7 
Indo-amhnes, 236 
Indo-phenols, 117, 236, 239, 676 
Indols, 155 

I ndone-acetic Acid, 441 
Indoxyl, 98, ^08 
Indoxylic Acid H'.ters, 307 
Induhns, 144, 238 
Inositc, 453, 454 

Intramolecular Aceto-aretic Ester Condensation, 4 

Pinacone Formation, 4 

lodaceto-pbenone, 268 
Iodide Chlorides, 61 
lodo-aceto-phenoiie, 372 
lodo-anthraquinonc, 710 
lodo-benzoic Acids, 298 
lodo-benzols, 61, 62 
lodo-camphor, 532 

lodo-chlonde-benzul Sulpho-chloride, 177 

lodo-cmnamic Acid 422 

lodo-diphenacyl, 634 

lodogorgic Acid, 382 

lodo-hydnn, 369 

lodo-naphthalene, 639 

lodo-o-pbthalic Acids, 358 

Todo-oxy-naphtho-quinone, 673 

lo<lo-pbenyl'hydrazin, 130 

lodo'propionic Ester, 98 

lodo-salicylic Acid, 333 

lodo- toluol, 63 

lodofo, 898 

lodoso-brazol, 6x 

lodoso-benzol-sidphomc Acid, 177 

lodoso-naphtbalenes, 659 

lonone, 4M 

Iretol, 223, 722 

Iridic Add, 342, 73a 
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Iriclio. 72:1 
Iridol, 722 
Irigenin, 223 
Jris florenttna, 468, 72a 

germantca, 468 

palltda, 468 

Irodol, 22X 
Irooe, 468 
Isapiol, 223 
Isatin, 389 

Isatin-dipbthalyl, 640 
Isatinic Acid, 380 
Isatoic Anhydride, 305, 308 

Dialkvl Kster, 304 

Isatropic Acids, 425 
Iso-allyl-benzol, 406 
Iso*amenyl-benzol, 407 
Iso-amino-campbor. 539 
Iso-amyl Ether, 190 
Iso-authraflavic Acid, 716 
Iso-brnzile, 619 
Iso-bomeol, 527 
Iso-bomeol Acetate, 522 
Iso-butyl-alk . 82 
Iso-butyl-benzol, 59 
Iso-butyl-roesitylcne. 59 
Iso-cainpholic Acid, 537 
Iso-camphonc Acid, 541 
Iso-camphoronic Acul, 517, 538 
Iso-capro-lactnne, 518 
Iso-carbo-styril. 435 
Iso-cumann, 434. 4 35 
Iso-curnann-carboxyhc Arul 442 
Iso-cyano-phenyl-thloncic 97. 105 
Iso-cyclic t ompouiids, i 
Iso-dihydro-lauro-ld( tone. 542 
Iso-dihydro-phene-telrazins 144 
Iso-dipbenic And, 501 
Iso-dundin, 86 
Iso-durol, 55. 58 
Iso-elemtcin, 412 
Iso-eugenol, 368, 41 1 
Iso-eugenol-methyl Ether, 4x1 
Iso-ethindiphtalyl, 719 
Iso'fencho-camphonr Acul, 546 
Iso-fencholene Alcohol, 528 
Iso-icncholic Acid, 546 
Iso-fenchone, 546 
Iso-fenchyl Alcohol, 528 
Iso-fenilic Acid, 430 
Iso-homo-pyrocatechol. 214 
Iso-kcto*camphoric Acul, 538 
Iso-laurolene. 543 
Iso*lauronoIic Acid, 542 
Iso-naphthazann, 673, 074 
Iso-naphtho-fluorene. 697 
Iso-naphtho-fluorenone. (»4b. (>99 
Iso-nitroso-aceto'phenone. 374 
Iso-nitroso-camphor, 533 
Iso-nitro90-hydrindone, 647 
Iso*orcin, 217 

Iso-oxalyl-dibcnzyl-ketone, 636 
Iso-phenyl*acrtic Acids, 24 
Iso'phorone, 4^*2 
1 so- photo-aan tonic Acid, 7-5 
Iso-phthalic And, 36. 38, 50, 359 
Iso-prene, 487 

lso-propenyl*benzol. 406 
Iso-propcnyl*xiaphthalin, us8 
Iso-propyl-benzoln, 6x6 
Iso-propyl-benzol, 55, 57 
Iso-propyl-cyclopentane r. 6-dIol, z6 
Iso-propyl-dihvdro-resornn, 459 
Iso-propyl-diphenyl 6 q 3 
Iso-propyl-bexvl-benz(d. 60 
Iso-propyl-idcne-cvclnpeiit.inc, 15 
Iso-propyl-phenol, 188 
Iso-propylidene-cyclo-bexanoue, 46a 
Iso-pulegol, 489 
Iso-pulegooe, 508 
Iso-purpurin, 717 
Iso-snfrol, 368, 4x3 

Dibromide 369 

Iso-thio-cyanic Phenyl Ester, xo6 
Iso-thujone, 5x3 
Iio-valerlanic Ester, 498 


Iso-vanilhc Acid, 338 
Iso-vanillin, 324 
Iso-violanthrenes, 7Xy 
Iso-xylol, 36, 38, 55, 56 

Jackson, 418 
Jalapin, 722 
Jayne, 418 
Juglonxc Acid 359 
JuHtperus vtrgtntana, 548 

Kekulk, 2, 27, 29, 123, 443, 586 
Kerinessic Acid, 728 
Keto-dihydro-naphthoic Acid, 679 
i Keto-dibydro-qumazolins, 308 
Keto-hexamethylene, 457 
Keto-hydrazories, 152 
Keto-hydro-morio<iarbox>lic Acids, 475 
Keto-iso-camphonc And 517 
Keto-menthanes, 505 
: Keto-menthencs, 506 
' Keto-pentamethylene, 17 
! Keto-pcntamcthylene-3-carboxylic Acid, 21 
I Keto-pentamethylcne-carboxylic Ester, 21 
I Keto-pentainethylene-a, 3-dicarbox3lic Ester, 
Keto-pentainpthylene-3, 4-dir-arboxylic Acid, 

' Keto-phenyl-paracomc E^ter, 400 
; Keto-tetramethylene-cyclo-butanone, ix 
Kcto-tctramethylene-tricarbo-esters, 12 
' Ketone-aldehydes, 373, 374 
, Ketone-carboxyhc Acids, 353, 387 393 
j Ketone-tncarboxvlu- Acids, 403 
I Kino. 212 
] Kino-tannin, 343 
I Kohler, 723 
; Kcilbe, 334 
1 Korncr, 31, 32 
' Kvnunc Acid, 305 

I.accaIkic Acid, 728 
Lactaxnes, 159 
Ladenburg, 31, 33» 334 

La;vulinic phenyl-bxdrazou- , 159 
Laurent, 186, 355 
Laurolene, 543 
I.auronolic Acid. 542 
Lead-tctraohcnyl, 172 
I ecantum JItctSf 728 
Lecauora, 217 
Lecanonc Acid, 3''0 
Leptdium saiivum, zbn, 720 
Lnico-benzaunn. S90 
Lfuco-benzeln, 590 
j Leuco-roalachite (.ireen, 578 
1 euto-rosolic Acul, 590 
I eutanihne, 579 
Leucaurins. 590 
Leutonic Acul, 14, 232 
Lichen Dves, 7-7 
L lebcrmann, 714 
I -ebig, 25s. 282. ,i<2, 723 
/ igustrum wlf^art , 7.1 
Limonene, 491 

L. naloolene, 487 
Lmalool, 487, 488 
I 'namann, 723 
Lipp, 382 

/ cUrtodora 487 
/ ( .uidambar oritntalis. 4x3 
I itiniis, 217 
L hniidt, 28 29 
Luptnu^ lut€us, 380 
Luteic Acid, 34X 
Luteolin. 338 

Maci Oil, 4x2 
Maclunn, 338, 343. 573 
M igiiesium-diphcnyl, 17* 

M. ilacbite Green, 90, 5*13 
Maleic Acid, 46 
Malelno-phenyl-hydrazil, 163 
Malon-auilic Acid, 108 
Malon-anilide. xo8 
Malomc Dipheiivl Ester, 193 

Ester Phenyl-hydraxide, ite 

Methyl-anilide, *xo8 
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Makioo-i^enyl-hydrasilic Ester, i6a 
Malonyl-diphenvi'hydrazuJe, i6a 
Malonyl-phenyl'hvJrazule, iba 
Manchester Bromi, 145 
Mandelic Acid Nitnle, 377 

Chloralide, 377 

Nitnle Glucoside 733 

Marignac, 355 
Mateute, 454 

iiMiruMrui Pmtthtnium, 530 
Meconm, 349 
Meconin-acetic Acid, 40 z 
Melanilm, Z04 
Melilotic Aad, 336 
Melilotus officinalis, 33b, 427, 428 
Melhmide, 366 
Mellithic Acid, 43 
Mellitic Acid, 366 
Mellopbanic Acid, 366 
Menaphthyl-amines, t.77 
Mentha ^legtnm, 507 
Menthadiene, 495 

Alcohols, 503 

Mentbadiene-ketoiiev, 509 

Meothane, 486, 497 
Menthene, 449, 49 ^ 

Alcohols, 502 

Menthene-glycol, 500 
Menthenol. 503 
Meatho^itronellal, 490 
Mentbo-menthene, 49 t> 
Mentho-naphtbene, 497 
Mentho-mtrile, 50b 
Menthone. 505 
Menthone-oxime, 306 
Menthonemc Acid, 506 
Menthoximic Acid, 

Menthyl Chlonde, 49s 
Meathyl-zaathogenic Methyl Ester, 498 
Menthylamine, 304 
Mercaptaos. 208 
Mercun-mtro-phenols. 196 
Mercuno-acetamlide, 93 
Mercury-dialphyU, 172 
Hercury*diphenvl, 171 
Mercury Phenate, 18b 
Mercury- phenyl A' et.ite, 17a 

Bromide, 172 

Chlonde, 172 

Hydroxide, 172 

Iodide, 172 

Mercury Thio-pheoate, 208 
Mesicenoe, 343 
Mcsidic Acid, 360 
Mesidin, 86 

Mesidin*iodo*hydrate, 8 a 
Mesitol. j88 

Meaityl-bydrozylamine, 78 
Meaityl-iso-pbthalic Aad, 3O1 
Mesityl-quinol, sao 
Mentykne, 33, 36, 57 

Mcftitylene-^ycerin, 345 
Meaitylene-aulpbonic Acid, 175 
Mesitylene^trialdehyde, 346 
Mesitylemc Acid, 31, 38, 36, 57 
Meso-amido-anthracene, 703 
Meso-benxo-dianthrone, 7x8 
Meso-dibydro>dianthrone, 706 
Meso-napbtbo>dianthrooe, 718 
Meso-phenyl-anthramioe, 703 
Meso*phenyl-aothrone, 707 
Mcso-xanil-amido-chkiride, 97 
Mesorcin. ax7 

MeU'broiiio<benzoic Add. 3a 
Meta-dinitro>benxol, 70 
MeU'bemi-pUiic Add. 359 
M«U*oxy -benzoic Acid, 31, 36 
MeU-pbeool-«ttlpbonic Actd, 207 
MeUnil Yellow, 279 
Metbane, 4a 

Metbene-cyclo-bezaoe, 449 
Metbenyl-amido-tbio-phenol, 105 
Metbeoyl'difriienyl-diamine, 96 
Metho-vinyl'benzol. 406 
Metboxy-benzyl Alcohol, 316 
Metboxy-dnnaiBtc Acid, 427 


Metboxy Aldehyde 415 
Ester, 436 

Methoxy-bydratropa-aldehydo, 323 
Methoxy-phenanthrnie, 690 
Mcthoxy-phenaothrene-9 carboxylic Acid. 691 
Methoxy-phenyl-acetaldebyde, 323 
Methoxy-pbthalide. 351 
Methoxy-salicylic Acid. 72b 
Methoxyl-comferin. 721 
Mcthyl-acetanilide, 93 
Methyl-a-acetyl-A'-cyclopentene, 19 
Methyl-a-acetyl-pentamethviene. ig 
Methyl-x-acetyl-pcntamethylene carboxylic Acid, 
22 

Methyl-SBsculetin, 431 
Methyl-alizarin, 7x6 

Methyl-a-amido-cyctopentane-carboxyUc Acid ax 

Mctbyl-amido-phenol 200 

Methyl-aniline, 89 

Methyl-anthracene, 704 

Methyl-anthranile, 303 

Methyl-anthranilic Acid, 306 

Methyl-anthranilido-acetic Acid, 308 

Methyl-anthraquinone, 710 

Methyl -anthrone, 707 

Methyl Arbutin, 720 

Methyl-atropic Acid 426 

Methyl-benzimido-chloride, 287 

Methyl-benzoic Acidh, 274 

Methyl-benzoic Ester, 278 

Methyl-benzoin, 616 

Methyl-benzol, 30 

Methyl-benzoyl-acetic E'Nter 393 

Methyl-benzyl Cyanides 286 

Methyl-benzyl-malonic .A* id, 396 

Methyl-bromo-camphor, 533 

.Methyl-caraphendol, 327 

Methvl-camphor, 533 

Methyl-carbostynle, 98 

Metbyl-cetyl-bcnzol, 60 

Methyl-chavicol, 409 

Methyl-chloro-stilbene, 619 

Methyl Chloroform, 64 

Methyl-cinnamic Acid, 424 

Aldehyde, 415 

Metfayl-cumaniic Ester, 191 
Metbyl-cumann, 429 
Methyl-cydo-bexadiene-aretic Acid, 473 
Methvl-cyclo-hcxane, 44<* 

Methyl-cyclo-bexauol, 452 
Methyl-cyclo-bexanol-aietic Acid, 474 
Methyl-cyclo-hexanone, 458 
Methyl-cydo-hexenes, 448 

Methyl-cydo-pentadiene-c arboxyl-propiunic Acid, 
20 

Methyl-cydo-peotane-c..'irboxybc Acid, 19, 20 
Metbyl-cyclo-pentanol, ib 
Methyl-x, x-cydo-peiitanol-dcetic Ester, ax 
Methyl-cydo-pentanone, 17 
Methyl-cydo-pentene, 14 
Metbyl-cydo-pentene-aretic Acid, 20 
Methyl-cydo-pentenone, 17 
Mctbyl-cydo-propcne-dicarboxylic Acid, xo 
Metbyl-dikett^bydnndene, 649 
Methyl-diphenyUmiue, 92 
Metbyl-ditolyl-iso-urea, 100 
Methyl Ester, 99 

Ether, 536 

Metbyl-etbyl-anUine,j^ 

Metbyl-ethyl-anihne Oxide, 90 
Metbyl-etbyl-cydopentane, 14 
Methyl-ethyl-fulvene, 15 
Methyl-etbyl-ketone, 4a 
Metbyl-fluorene, 700 
Methyl Formanilide, 94 
Methyl-fonnazyl, x66 
Methyl-gluco-o-cumar-ketone. 721 
Methvl-glyoxal-pbenyl-bydrazoxime, 153 
Methyl Green, 588 
Methyl-beptenone, ^89 
Methyl-hexahydro-nuoreoe, 697 
Metbyl-bexanitrO'dipbenyl-amine, ixa 
Methyl'hydrocotoln, 373 
Methyl-bystazarin. 7x6 
Methyl-indeoc. 643 
Methyl-indic Add, 34a 
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MetbyMtatin. 390 
Metbyl-iso cumanu. 435 
Methyl iso-formaoilide. 95 
Metbyl-i80*propyl-benzol, 58 
Metbyl-iso-propyl-cycio' hexane 446 
Metbyl-iso-propyl-pbenanthraquinone. 693 
Metbyl'iso-thio-acetanilide 96 
Methyi>3-metbyleoe-cyclopentane, 13 
Methyl*roorphol, 690 
Methyl-n-propyl-ketooe. 42 
Metbyl'Daphtho-qulDitrol, 666 
Methyl-napbtbo-quinol 666 
Methyl-naphtbol, 666 
Methyl-nopinol, 520 

Methyl*nor*cara(Uene-carboxylic Ester. 641 
Methyl'Dor-opiamc Acid, 352 
Methyl -opianic Ester, 352 
Metbyl-p^norm. 'propyl phenol 189 
Methyl'pentametbylene, 14 
Metbyl-pbenaotbrene. 689 
Metbyl'pbenyl-^ano- triazene. 136 
Metbyl'phenyl Ether, 190 
Methyl'pbenyl'glycin, q 8 
Metbyl-phenyl-glycocofl methyl Ester 98 
Metbyl'phenyl'hydrazm, 119 151 
Metbyl-pbenyl-iso-urea. 100 
Metbyl-phcnyl-nitroamine. 119 
Methyl-pbeayl'Ditrosaminc 1 ig 
Methyl-phenyl-thio carbainine Chloride, 101 
Methyl'pbenyl'triazene, 135 
Methyl'phenyl'Urea Chloride, 9 
Methyl-phtbalazone. 333 
Methyl'purpurO'Xanthins, 716 
Metbyl-sabma-ketol ,511 
Methyl'Salicyl Chloride. 331 
Methyl-sinapinic Acid, 431 
Methyl-stilbene. 6zz 
Methyl'suberene, 23 
Metbyl-suberenone. 24 
Metbyl-suberol, 23 
Methyl-sulphonic Phenyl Ester 19X 
Methyl'tert. -butyl-benzol, 59 
Metbyl'tetramethylene. 10 
Methyl-thio-acetanihde. 96 
Metbyl-thio-benzamKle. 289 
Metbyl'thiO'Sahcylir Acid ^\2 
Metbyl-tnketo-pentamethviene, 18 
Mctbyl'trimetbylene 7 
Mctbyl'tnphenyl-methane. 577 
Methyl-utnbelliferone, 430 
Metbyl-vanillin, 324 
Methyl Violet, 587. 588 
Metbylene-anthranilic Acid, 307 
Methylene-bis-hydro-resorcm, 565 
Methylene Blue, ixs 
Methylene-camphor. 533 
Methylene-cyclopentane, 14. 23 
Methylene-dianthranilic Acid, 306 
Methylcne-dibenzamide, 282 
Methylene Dibenzoate, 278 
Metbylene-diorcin, 565 
Methylene-diphenyl-diamine, 90 
Metbylene-diphloro glucin, 563 
Metbylene-dircsorcin, 563 
Methylene-pbthalide, 434 
Methylene-proto-catecbuic Acid, 338 
Methylene-quinones, 3 x 7 f 3^8, 463, 364 
Meyer, 399 

Mimosa caUcku, 212, 343 
Mitscherlich, 50 

Monacid Menthane Alcohols, 497 
Monatda punctata, 188 
Mono-acetyl-hydrazo-benzol. 146 
Mono-bromo-acetylene, 42 
Mono-bromo-durol, 66 
Mono-broroo-isodurol, 66 
Mono-ttfomo-mesitylene, 66 
Mono-bromo-prehnitol, 66 
Mono-bromo-pseudocumol, 66 
Mono-bromo-stilbene, 6x9 
Mono-chloro-cyclopentene 13 
Mono-chloro-quinone, 46 
Mono-chloro-stilbene, 6x9 
Mono-chloro-trimetbylene, 7 
Mono-cyclic Terpenes, 492 
Mono-haloid Cinnamic Acids, 423 


Mono-haloid Phenols, 194 

Mono-hydnc Oxy-phenyl-parafi&n Alcohols, 314 

Phenols, 183 

Mono-methyl-aniline, 89 
Mono-nitro-phenols, 195 
Mono-nitro-terephthalic Acid, 362 
Mono-mtroso-naphthalene, 659 
Mono-nuclear Aromatic Substances, 27 
Mono-sulphomc Acids, X74 
Mono-thio-hydroqumone, 220 
Mono-tbio-pyrocatecbol, 2x4 
Monoxy-alcohol Acids, 376 
Monoxy-anthracene, 703 
Monoxy-anthraquinones, 714 
Monoxy-benzaldehydes, 321 
Monoxy-benzoic Acids, 328 
Monoxy-benzyl Alcohob, 313 
Monoxy-biphenyls, 556 
Monoxy-monocarboxylic Acids, 328 
Monoxy-naphthacene-quinoric, 719 
Monoxy-phenyl-olefin-car boxy lie Acids. 426 
Monoxy-triphenyl-methaiies, 589 
Morin, 343 

Mortnda ettnfolia, 714, 7x7 
Morindone, 7x7 
Monnga-tannin, 343 
Morphia, 689 
Morphol-quinone, 693 
Morus ttnetorta, 338, 343 
Mustard Oil, 97» 408 
Myrcene, 487 
Myristicin, 412 
Myrtenol, 320 

Naphthacenx, 719 
Naphthacene-di-quinone, 719 
Naphthacene-quiiione, 719 
Naphthaldehyde, 677 
Naphthaldehydic Acid, 682 
Naphthalene, 657 

Naphtbalene-dicarbox>lic Acid, 680 
Naphthalene Dichlonde G84 
Naphthalene-disulphonic Acids 663 
Naphthalene Disulphydratcs, 67X 

Group, 650 

Red, 662 

Ring, Decompositions of, 654 

Naphthalene-nng Formations, 652 
Naphthalene-sulphinic Acids, 665 
Naphtbalene-sulphonir Adds, 603 
Naphthalene Tctrabromide, 685 
NaphthaIene-tetracarbox\Iic Acid, 680 
Naphthalene Tetrachloride. 685 
Naphthalene-trisulphonic Acids, 664 
Naphthalic Acid, 673, 680 
Naphthalin, 37, 50 
Naphthalin-azo-compounds, 178 
Naphthaline Homologues, 657 
Naphthalizann, 673 
Naphthantbraccne. 719 
Naphthanthraqumone, 719 
Naphthazarm, 673, 7x4 
Naphthenes, 444 > 445 , 47 o 
Naphthenic Acid, 470 
Napbtbidin, 663 
Naphtho-azimides, 661 
Naphtho-benzyl Alcohols. 676 
Naphtho-benzyl-amines. 677 
Naphtho-benzyl Chlorides, 676 
Naphtho-cumarin. 678 
Napbtho-fluorenone, 699 
Naphtho-furazane, 675 
Naphtho-roethylene-quinonc, 666 
Napbtbo-nitnles, 68x 
Naphtbo-purpunn, 673 
Napbtho-pyrogallol, 672 
Naphtho-qui nones. 6^, 671. 672, 673, 674 
Naphtbo-quinone-anile, 676 
Naphtbo-quinone Chlonmides, 675, 676 
Napbtho-quinone-dicblonmide, 676 
Naphtbo-quioone-dioxime, 673 
Napbtho-quinone-imides, 676 
N apb tho-qumone-pbenyl-bydrazones, 674 
Napbtho-quinoximes, 674 
Naphtho-resorciu-carboxylic Aad, 679 
Ester, 399 



INDEX 


743 


NaphUio-retorcinol. 670 
Naphtho-stilbene, Mi 
Napbtbo-stvnl, 678 
Naphtho-sultone, 670 
Naphtho>xanthones, 679 
Naphthoic Acid, 678 
Naphthols, 81, 665 
Naphthol -aldehyde, 677 
Naphthol-alkyl Ethers, 666 
Naphthol-aco-benzol, 668 
Naphthol Blue, *39, 676 
Naphthol-carbo^lic Acids, 678, 679 
Naphthol-ethyl Ether, 666 
Naphthol Green. 675 

Homolofpies, 666 

Naphthol-methvl Ether, 666 
Naphthol -methyl-ketone, 677 
Naphthol Orange, 668 
Naphthol-sulphonic Acids, 668 
Napbthoxazoles, 667 
Napbthvl-acetic Acid, 678 
\aphthvl-acrylic Auds, 678 
Naphthyl-azo-acetic Ester, 66i 
Naphthyl-benzene Sulphamides, 661 
Naphthyl-carbinols, 676, 677 
Naphthyl-dimethvl^ine, 660 
Naphthyl-diphenvl-carbinol, 677 
Naphthyl-etnylamine, 660 
Naphthyl-hydrazins, 663 
Naphthyl-iodo-chlondes, 659 
Naphthyl-iso-crotonic Acid, 688 
Naphthyl-mercaptan, 671 
Naphthyl-raethyl-acetaldehvdc, 677 
Naphthvl-methyl-ketone, 677 
Naphthvl-metbylamine, 660 
Naphthyl-mtramine, 662 
Naphthyl-nitro-raethane, 677 
Naphthvl-phenyl-carbinol, 677 
Naphthyl-phenyl Ether, 666 
Naphthylamines, 81, 660 
Naphthylamine-sulphonic Acids, 664 
Naphthvlenes, 447 
Naphthylene-diamiiies, 661, 662 
Naphthylene-dihydrazin, 663 
Narcotm 359 
Nanngemn, 628, 723 
Narugin, 723 

Sasturttum OjffictnaJf, 286, 720 
Nei'ol, 488 
Neroli Oil, 30a 
Neville, 6^ 

Nietzki, 231, 232 
V tgrtUUa suaxfioUns, 334 
Nirvanin, 333 

Nitramino-anthraquinone, 71a 
Nitranilic Acid, 230 
Nitranilide, 120 
Nitranilines, 110 
Nitrazooes, 163. 164 
Nitrile Oxides, 295 
Nitnte, T»3 

N'tro-acetaldehydrazone, 165 
Nitro-aceto-phenooes, 268, 37a 
Nitro-alizarin, 715 
Nitro-anthracene, 704 
Nitro-anthranilic Acid, 308 
Nitro-anthraqumones, 7x0 
Nitro-anthrone. 705 
Nitro-azo-benzol, 142 
Nitro-azoxy-benzol, 140 
Nitro-benzal-acetone, 416 
Nitro-benzal-divamlhn, 594 
Nitro-beozaldebydes, 261 
Nitro-benzene, 29 
Nitro-benzo-phenoncs, 570 
Nitro-benzoic Acids, 298, 299 
Nitro-benzols, 69, 70 
Nitro>beaz<d*azO'p-amido-benzol, 144 
Nitro-benzoyl-acetic acid, 393 
Nitro-benzoyl'formic Acid, 388 
Nitzo-beiizvi-amine, 331 
Nltfo4>eiizyl-inalonic Ester, 396 
Kitro'benzyl Solpho-cyanide, 251 
Nitro-broroo-durol, 74 
Nitrixamphaoe, 332 
Nitrexampbeoe, sza 


Nitro-camphor, 53 J 
NitroHdiloro*tolu-auinone, 319 
Nitxtxinnamic Acids, 422, 423 
Nitro^innamic Aldehydes, 413 
Nitro-cinnamyl-lormic Acid, 437 
Nitro-coccic Acid, 728 
Nitro<cresob, 197 
Nitro-cumaric Acid. 427 
Nitro-cumarinic Acid, 426, 428 
Nitro-diazo-benzol-imide, 138 
Nitro-diazo-benzol Methyl Ether, 126 
Nitro-diazo-benzolic Acid, 120 
Nitro-dimethyl-aniline, 89 
Nitro-dioxy-quinone-sulphoiuc Acid, 231 
Nitro-dipbenic Acid, 561 
Nitro-diphenyls. 55a 
Nitro-diphenyl-amines, xzz, 112 
Nitro-diphenyl-raethanes, 563 
Nitro-diphenvl-sulphone, ibj 
Nitro-fiuorene, 696, 697 
Nitro-fluorenone, 700 
Nitro-formaldehydrazone 164 
Nitro-fomiazyl 166 
Nitro-halogeii-benzols, 71 
Nitro-haloid Benzoic Acids, 299 
1 Nitro-homo-veratrol, 726 
I Nitro-bydran-thranol, 704 
i Nitro-hydratropic Acids, 300 
I Nitro-hydrazones, X57, 164 
i Nitro-hydro-cmnamic AcuN, 300 
' Nitro-hydroquinone. 219 
Nitro-hydroxy-dihydro-trimcthyl-brasiloue, 726 
Nitro-indene, 645 
Nitro-m-xylol, 73 
Nitro-malonic Aldehyde, 43 
Nitro-mesitylene, 73 
Nitro-methvlene-V)lithalide, 434 
Nitro-monocarboxylic Acids, 298 
j Nitro-naphthalenes, 659 
Nitro-naphthalene-sulphonii \tids, 664 
Nitro-napbtboic Acids, 678 
Nitro-napbthols, 666 
Nitro-naphthylamines, 661 
Nitro-nitroso-benzol, 76 
Nitro-o-phthalic Acids, 358 
Nitro-o-xylol, 73 
Nitro-opianic And, 352 
Nitro-oxanilic Acid, loK 
Nitro-oxy-diphenvl, 5S7 
I Nitro-p-phenylcne-diainine, 1x5 

• Nitro-p-xylol, 73 

. Nitro-pentamcthyl-bcnzol, 74 
' Nitro-pbenantbrenes, 689 
I Nitro-phenanthrene-quinone, 692 
Nitro-phcnols, 35, 195 
I Nitro-phenyl-acetic Acids, 300 
Nitro-pbcnyl-acctylcne, 407 

• Nitro-phenvl -amine, X12 
Nitro-phenyl-beiizaldehvde, 559 
Niiro-pbenyl-diazo-sulphivlt , 126 
Nitro-phenyl-diazo-disutphide, 127 
Nitro-phenyl-diazo-mercaptan Hydrosulphide. xa6 
Nitro-pbenyl Ether, 191 
Nitro-phenyl-glyccric Acid, 385 
Nitro-phenyl-glycin, 98 
Nitro-phenyl-hydrazin, 150 
Nitro-pbenyl-hydrazin-disulphonic Add, 156 
Nitro-pbenyl-hydrazones, 142 
Nitro-pbcnyl-hydroxyiarniiie, 78 
Nitro-phenyl -lactic Acids, 381, 383 
Nitro-pbenyl-propiolic ActeJ, 432 
Nitro-phenyl-pyro-raceraic Atid, 39X 
Nitro-pbthahde, 349 

Nitro-phtbalyl Chloride, 338 
Nitro-piperonal. 325 
Nitro-prebnitol, 74 
Nitro-pseudocurnol, 73 
Nitro-resorcin, 216 
Nitro-salicylic And, 333 
Nitro-stilbene, 6x1 
Nitro-styrob, 405 
Nitro-terebentene, 519 
Nitro-thio-pheno), 208 
Nitrotoluob, 72. 73 
Nitro-tiiphenyl-carbind, 58a 
Nitro-xyleools, 198 
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Kitrolamines, 504 
Nitrosanilides, ug 
NitroMsones, 165 
Nitroso-acetanilide, 113, 120 
Nitroso-acetyl-phenyl-hydrazin. 167 
Nitroso-aniline, Z13 
Kitroso-benzaldebydes, 262 
Nitroso-benzoic Acid, 261 

Esterc, 261 

Nitroso-benzol, 69 
Nitroso-benzol-sulphonic Acid, 177 
NitrosO'benzyl Alcohol, 250 
Nitroso-benzyl'urethaDe, 248 
Nitroso-chloride, 15 
Nitroso-cresol, 199 
Nitroso'dietbyl-aniline, 1x3 
Nitroso-dimetbyl-aniline, 89, 113 
Nitroso*diphenyl-amine, 113 
Nitroio-diphenyl-hydroxylamine, 79 
NitrosO'formanibde, 120 
Nitroso-formyl-phenyl-hydrazin, 167 
NitroBO-guaiacol, 2x3 
Nitroio«in-phenylene-diazniue, 114 
Nitroso<roesitylcne, 76 
Nitroso-methyl-anthranibc Acid, 306 
Nitroso-monocarboxylic Acids, 300 
N itroso-monoe t h vl-a mime, 1 1 3 
Nltroso-monomethyl-amlme, Z13, 119 
Nitroso-naphthalenes, 659 
Nitroso-uaphthols, 674 
NitrosO'Orcm, 217 
Nitroso-oxy-diphenyl, 557 
Nitroso-phenol, 198 
Nitroso-phenyl-hydrazoncs, 142 
Nitroso-phenyl-semicarbazide, l(.7 
Nitroso- phenyl-urea, 120 
Nitrosophthabmidin, 348 
Nitroao-pinenc, 519 
NitroiO-saUcylic Acid, 333 
Nitroso-thymol, 199 
Nitroso- toluol, 76 
Nitroso-xylol, 76 
Nonocarbocvcbc Compounds. 26 
Nonomethylene, i, 3 
Nononaphthene, 446 
Nopinene, 519 
Nopinic Acid, 519 
Nopinol-acetic Acid, 52X 
Nopinone, 519, 52 x 
Nor-borneol, 526 
Nor-camphane, 513 
Nor-caradiene-carboxyhc Acid, cs 
Nor-carane, 513, 641 
Nor-carane-dicarboxylic Cstcr, (>a' 
Nor-hemt-pmic Acid 359 
Nor-opiamc Acid, 352 
Nor-pinane, ^13 
Nor*pinic Acid, 13, 5x6 
Nuclear Synthesis, 51 
Nutmeg Oil, 412 

o-Bknzo-betaTn, 306 
o-Cvano-amhc Acid, 303 
Oak-red, 343 
Ocimene, 487 
Octazones, if>8 

Octo-carbocyclic Compounds, 25 
Octo-chloro-acety-facrtonr, 48 
Octo-chloro-keto-tetralivdro-benzol, 463 
Octo-chloro-phenanthrenc, (*89 
Octo-decyl-benzol, 60 
Octo-hyaro-carbostynl, 471 
Octo-hydro-naphthalenes, 0S7 
Oclo-methylcne, x, 3 
Octo-naphthcne, 446 
Octyl-benzol, 60 
ORlialoro, 418 
Oldenlandta umbeUaia, 7x3 
Oleiin-acetvlene-benzols, 408 
Olehn-benzencs, 403 
Olefin-dioxy-benzofs, 4x0 
Olefin-raonoxy-benzols, 409 
Olefin-phenols, 408 
Olefin-tetraoxy-benzols, 4x2 
Olefin-tnoxy-benzoU, 412 
Olefinic Terpene, 487 


Olefinic Tcrpenc Anris, 490 

Terperie-aldehydes, 485 

OUum cadinum, 547 
Oleum cinee, 499 
Opianic Acid, 350, 332 
Opianoximic Acid, 352 
Orange-blossom Oil, 302 
Orem, 2x6, 217 
Orcin-aurin, 394 
j Orcin-phthalelns, 6ox 
, Orcyl-aldehyde, 323 
, Orsellmic Acid, 339 
t)rtho-acetic-phenyl Ester, 192 
, Ortho-benzoic Acid Pipcndirle, 297 

: Derivatives of, 297 

' Ortho-dinitro-benzol, 70 
I Ortho-form, 334 
1 Ortho-ox y-benzoic Acid, 31 
1 Ortho-phosphoric Anilide, 93 
! Ortho-quinones, 225 
[ Ortho-silico-benzoic Acid Ester, X70 
j Ortho-xylol, 36 
1 Orthrm, 273 
I Osazones, 152 
Oso-tetrazones, 135 
Oxal-phenyl-hydrazidc, 162 
Oxal-phenyl-hydrazilic Acid, 162 
Oxalate, 125 

Oxalo-acetic Ester Condeusation, 4 
Oxalo-diamido-oxiine, 164 
Oxalyl-anthramlic Acid, 305 
Oxalyl-anthranilic Acid Nitnle, 303 
Oxalyl-diaceto phenone, 640 
Oxalyl-dibeiuvl -ketone, 18 
■ Oxanile Dichlonde Acid Eth> 1 Ester, 108 
Oxamhc Acid 107 

Nitnlc, 107 

Thio-atnidc, 107 

Oxamhde, 107 

Dioxime, 108 

Oxanthrone, 708, 709 
Oxatolylic And, 631 
Oxethyl-anisulin 200 
Oximido-diphenyl-urc.'i, 104 
Oximido-propio-phenone, 375 
Oxmdol, 310 
Oxy-aceto-phenone, 326 
Oxy-acids, 376 
Oxy-antbraccncs 705 
Oxy-antbranile 301 
Oxy-anthraquinones, 713 
Oxy-anthrarufin, 7x7 
Oxy-anthrone, 707 
Oxy-azo-benzol^, 204 
Oxy-azo-compoiindb, 178 
Oxy-benzal-acelone, 417 
Oxv-bcnzalazin, 322 
Oxy-ben20-b\drol 566 
Oxy-benzo-phenoncs 572 
Oxy-bcnzo-thiazol, 209 
Oxy-benzoic Acids, 35, 334 
Oxy-benzyl-ainine, 315 
Oxy-benzyl-bcnzols, 504 
Ox v-benzvl-benzvhdene-indrne, 64 ^ 
Oxy-benzlidene-aceto-phenone, 028 
Oxv-biazoline Derivatixes, 158 
Oxy-biphcnvls 556 
Oxv-biphenyl-carbox>lic Acids, 559 
Oxy-caropbor, 533 
Oxy-carone, 574 
Oxv-cmnamic Acid, 427 
Oxy-cinnamylidene-acetic Acid 437 
Oxy-cumarm, 43** 437 
Oxy-cyclopentane-carboxvlic Acid, 2i 
Oxy-diazo-benzol-imide, 203 
Oxy-dibexual-acetone. 638 
Oxy-dibromo-tnphenyl-carbmcl, 59X 
Oxy-dibydro-cvclo-geramc Acid, 474 
Oxy-diphenvl-acctic Acid, 607 
Oxy-diphenyl-amiiie, 201, 202 
, Oxy-diphcnyl Sulphide, 1 80 
Oxy-^phenylene-ketone, 699 
I Oxy-fenchene Acid, 525 
, Oxy-fluoarenone, 699, 700 
I Oxy-glutanc Acid, 7 
) Oxy-oydrazo-benxol, 306 
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Oxy-hydra<arb<Hit3rril, 381 
Oxo-hydro^umarin, 391 
Oxy-bydroquiDone, 323 
Oxy-hydroquinoae-benrcln, 592 
Oxy-hydroquinone-phthaieln, 6ox 
Oxy-iso-phtnalic Acids, 361 
Oxy-ju|(lone, 673 
Oxy-m-xylenols, 345 
Oxy>maadelic Acid, 378 
Oxy-mesitylene^dehyde, 333 
Oxy-mesitylenic Acids, 333 
Oxy>methyl-benxoic Acids, 347 
Oxy-methyl'bexuoic Acid Lactone, 347 
Oxy-methylene-acetic Ester, 43 
Oxy-methvlene-aceto-phenone, 436 
Oxvmetbyleae*acetone, 43 
Oxy-methylene-camphor, 336 
Oxy-methyleiie>menthone, 506 
Oxy-methylene-pbenyl-acetic 1 «;tcr, 436 
Oxy-metbylene-phthalide, 437 
Oxy-napbtbo-qutnones, 673 
Oxy-naphtboic Acids, 678 
Oxy-o-phtbabc Aads, 339 
Oxy-pentadccylic AcJd, 732 
Oxy-phenanttifenes, 690 
Oxy-phenantbrene-quinone, 603 
Oxy- phenyl-acetic Acids, 335 
Oxy-phenyl-arsinic Acid, 170 
Oxy-phenyl -ethyl- Alcohol, 316 
Oxy-phcnyl-ethvl-amine, 316 . 

Oxy-phcnyl-ethyl-carbinol, -^16 
Oxy-phenyl-fatty Acids. 335 
Oxv-phcnyl-lactlc Acid, 381 
Oxy-phcnyl-olefin Alcohols, 414 
— ^ Aldehydes, 415 
Oxy-pheDyl-olcfin-carbox\lic Aads, 426 
Oxv-phcnyl-olcfin Ketones, 417 
Oxy-phenvl-propiomc Aads. 336 
Oxy-phenyl-pvro-racemic .\cid, 391 
Oxy-pheovl-phthalide, 349, 374 
Oxy-phenyl-urea. aot 
Oxy-phenvl-urethane, 200 
Oxy-phenvl-xantfaydrol, 592 
Oxy-phospbaxo-benzol-amlide, 92 
Oxy-pipitzaholc Acid, 231 
Oxy-quinones, 230 
Oxy-stilbene, 6ia 
Oxy-styryl-beniyl-ketone, 
Oxy-styryl-diphcnvJ-carb!:K.j, 629 
Oxy-subwanc-acetic Acid, 2s 
Oxy-suberane-carboxylir ^cid, 23 
Oxy -sulpbones, x 80 
Oxy-terephtbalic Ands, 362 
Oxy-terpcn> he Acid, 5^ 
Oxy-tetramethylene, 1 1 
Oxy-tbyraoquiaooe. 231 
Oxy-toluic Aads, 334 
Oxy-toluols, X87 
Oxy-tncarboxylic Acids, 363 
Oxy-tnipeMitic Acid, 363 
OT> -tnmeaic Acid, 363 
Oxy-tnphcnyl-carbinol, 390 
Oxy-tnphenvl-mcthane, 589 
Oxy-tnpbenvl-niethane*carbox> lie ^cids, 595 
Oxy-uvitinic Acids, 361 
” Aldehyde, 347 

Paxa-anthkacenk, 703 
Para-dinitro-benrol, 70 
Para-mandelic Acid, 376 
Para-nitraniline, 32 
Para-nitro-benxaldehyde, 261 
Para-oxy-benzoic Acid, 31, 32, 36 
Para-rosolic Aad, 593 
Para-xylol, 36 
Paracoto, 573 
Pararoide 366 
Patchouli Alcohol, 348 
Penta-amido'benzol, xi8 
Peota-amido-pentol, 233 
PenU-amido-toluene, 1x8 
Penta-bronuniline, xio 
Penta-bronK>K:yclo-butane, xx 
Penta-bromo-diketo-oxy-cyclo-hexenol, 461 
Penta-bromo- toluol, 446 
Penta-carbocyclic Compouods, 13 


Penta-chloraniline, 1x0 
Penta-chloro-glutaric Acid 48 
Penta-chloro-resorcin. 48 
Penta-chloro-oapbthalene, 639 
Penta-ethyl’benzol, 55, 59 
Penta-keto-cyclo-pentane. 232 
Penta-keto-pentamrthylene, X9 
Penta-methyl-acetyl-cyclopeotene, 19 
Penta-metbyl-benzoic Acul, 275 
Penta-metbyl-benzol, 55, 59 
Penta- methyl-phenol, 189 
Penta-metbyl Violet, 388 
Penta-methylene, i, 3, X3, 14 
Penta-methylene-carbinol, ih 
Penta-roetbylene-glycol, 16 
Penta-methylene-methylamine, 16 
Penta-nitro-diphenyl-aminr, 1x2 
Penta-phenyl-ethane, 625 
Penta-phenyl-ethyl Alcohol, 626 
Penta-phenyl-guanidin, 104 
Pcnt.imines, X13 
Pentol, 15 

Pentosides, 719, 72^ 
Pentylene-di-o-toluidin. 90 
Peonine, 593 

Perchlor-acroyl-acryhc Acid, 47 
Perchlor-etbylene, 42 
Perchlonndone, 21, 647 
Perchloro-acetyl-acrylic Acid, 48 

Chloride, 48 

Perchloro-cyclopentene, 14 
Perchloro-diphenvl, 352 
Percbloro-metbane, 42 
Perchloro-naphthalcne, 650 
Perchlorowinyl-acrylic Acid, 47 
Perhydro-diphenvl, 550 
Pcrhvdro-fluorene, #>96 
Pen-dioxy-naphthvl-ketones, f >77 
Pen-naphtbol-carboxylic Acid, 679 
Perkin, 483 

Peroxide-phthalic Acid, 356 
Perua Cassta, 4x5 
Persio, 217 
Perylcne, 681 
Petermann, 33 
Petfosehnum tatwum, 413 
Pkaseolus vulgarts, 453 
PhelJandrene, 494 > 495 

Group, 494 

Nitrite, 494 

Phenacetin, 202 
Phenacelol, 191 
Phenacetvl-phenyl-alanin, 381 
Phenacvl-acetone, 375 
Phenacvl-anihde, 372 
Pbenacvl Bromide, 371 

Chloride, 371 

Phenacyl-cinnamic Acid, 635 
Pbenacyl-diaretyl-methane, 376 
Phenacyl Iodide, 37* 

Phenacyl-lasvulinic Acid, 396 
Phenacyl-pbthahde, 630 
Phenacyl-succinic Acid, 539 
Phenanthraquinone, 691 
Phenanthraquinone-monoxime, 69a 
Phenanthrene, 50, 687, 680 
Phenantbrene-carboxylic Acids, 690, 69X 
Phenanthrene-dicarboxvlic Acid, ^1 
Phenanthrene Group, 687 
Phenanthrene-hydroquinonr, Ago 
Phenanthrene-quinone-sulphoriir Acid, ^>93 
Phenanthrene-aulpbOQic Acifls, (>90 
Phenanthridone, 560 
Phenantbro-antbraquinone, 7x9 
Phenanthrols, 600 
Phenanthrol -carboxylic Acid, 691 
Phenanthrone, 690 
Pbenanthx^lamioet, 690 
Phenates, x86 
Phenazin, 3x4 
Phenazone, 553 
Phene, 49 
Phenetetrol, 323 
Pbenethyl-benzyl-ketone, 633 
Phenethyl -succinic Acid, 397 
Ph^xetol, X90 
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Pbeoetol'Carbatnide. 20a 
Pbeoo peotenal. 415 
Pbeno pbenyl tnazin, 292 
PbeDO'propyl-methylamiDe 246 
Pbeoo quioone, 227 
PbcDO triazin, 166 
Pbenola, 30, 31. 183, 185, 187, x88 
PbeaoJ Acids, 327 

Alcohols, 187. 314 

Pbeool-alcobol Ethers, 189 
Phenol -aldebydes, 321 
Phenol 'alkyl Ether, 169 
Phenol'benteln. 591 
Pbenol'diazO'Chlorides, 203 
Phenol Ethers, xo^i 
Pbenol ethvlene Ether, 190 
Phenol Haloids, 193 

Ketones. 325 

Phenol methylene Ether, 190 
Phenol -monocatboxylic Acids, 327 
Phenol-naphthaleln, b8o 
Phrnol'phenyl'etbane, 604 
Phenol -phthaleln. 398 
Phenol-pbthaleln-anilide. S98 
Phenol-phthaleln Melhvl l^ifer, 598 
Phenol-phthaleln-oxime, 50S 
Phenol'Sabcylic Ester. 330 
Phenol Substitution Products 193 
Phenol-sulpbonic Acids, 178, 206 
Phenolates, z86 
Phenose. 454 
Phenoxalkylamines 190 
Pheooxazin, 200 214 
Phenoxethylamines 190 
Phenoxy -acetaldehyde, 191 
Phenoxy^acetic Acid 191 
Phenoxy -aceto-acetic Ester, 191 
Phenoxy -acetone, 191 
Phenoxy-acetyl Chloride, 191 
Phenoxy-acelylene, 190 
Phenoxy 'butylamlne, 190 
Phenoxy-butync Acid, 191 
Phenoxy-cinnamlc Acid. 417 

Ester. 436 

Phenoxy-iumanc Ester, 191 
Phenoxy-propylaminc 190 
Pbenoxyl-dlphenyl-pfiosphine, if. 9 
Phenoxyl'phospbaro-benzf)l 93 
Phenyl-a-methyl-sulph<»-h\dantoin 102 
Phenyl-acetaldehyde 30, 31 
Phenyl Acetate. 192 
Phenyl-acetic Acid, 31, 276 

Azide, 284 

Ethvl Ester, 278 

Hydrazide. 284 

Phenyl-aceto-acetic Ester, 393 
Pbenyl-aceto-phenone. ssg 
Phcnyl-aceto-succmic Ester, 399 
Phenyl-acetyl-carbinol, 373 
Phenyl-acetyl Chlondc, 279 
Phenyl-acetyl-malonic F«iter, 399 
Phcnyl-acctyl-thio-urea, 102 
Phenyl-acetylene, 407 

Alcohols. 4x4 

Aldehydes, 417 

Phcnyl-acetylene-carboxvlic Acids, 431 
Phenyl-acetylene-copper. 407 
Phenyl-acetylene Di-ioilule, 405 
Ketones, 4x7 

Phenyl-acetylene-phenvl-carbinol, 630 
Phenyl-acetylene-silver, 407 
Phenyl-acetylene-sodium, 407 
Phenyl-acrylic Acids, 419, 425 
Phenyl-alanin, 98. 380 
Phenyl -alcohol Aldehydes, 370 
Phenyl-alcohol-dicarboxylic Acids, 307 
Phenyl-alcohol-ketone-carboxylic Acids, 394 
Phenyl-aldchdye Ketones, 373 
Phenyl-alkyl-ammonttim Bases, 88 
Phenyl-alkyl Chlorides, 243 
Phenyl-alkyl-hydrazins, 151 
Phenvl-alkylamine, 87 
Pbenyl-allophanic Ester, 100, 193 
Phenyl -allyl-acetic Acid. 426 
Phenyl-allyl-sulphone. 182 
Pbenyl-allylene, 407 


Phenyl-amido-acetic Acid, 379 
Phenyl-amido-carbonyl-chloride, 97 
Phenyl-ainido-azO'benzol-[3l-8ulphonic Acid, 179 
Phenyl-amido-azo-benzol-t^-sulphonic Acid, 179 
Phenyl-angelica Acid, 424 
Phenyl-anthracene, 704 
Phenyl-anthranile, 303, 570 
Phenyl-anthranilic Acid, 306 

Formalide, ^07 

Phenyl-anthranilido-acetic Acid, 308 
Phenyl-arsenious Chloride, X70 
Pbenyl-arsinic Acid, 170 
Pbenyl-aticonic Acid, 440 
Phenyl-azo-acetaldoxime, 165 
Phenyl-azo-aldoximes, X63, 163 
Phenyl-azo-amido-benzol, 140 
Phenyl-azo-benzaldoxime, 29 x 
Phenyl-azo-formaldoxime, X65 
Phenyl-azo-formazyl, x66 
Phenyl-azo-mtro-acid, 164 
Phenyl-azo-nitroso-benzol, T40 
Phenyl-benzaldchyde, 559 
Phenyl-bcnzaldoxiroe, 260 
Phenyl-benzalsultiroe, 569 
Phenyl-benzamide, 28X 
Phenyl-bcnzamidin, 290 
Phenyl -benzene Sulphazide. 148 
Phenyl-benzo-hydrylamine, 565 
Phenyl-benzo-quinone, 5S7 
Phenyl-benzoic Acid, 559 
Phenyl-benzols, 549, 550 
Phenyl-benzol-sulphazifle, 157 
Phenyl-benzyl-ketone, 613 
Phenyl-biguanide, X04 
Phenyl -biuret, xoo 
Phenyl-boron Bromide, 170 

Chloride, 170 

Compounds, X70 

Phenyl-bromacetic Acid, 378 
Phenyl-bromo-acetylcne, 407 
Phcnyl-bromo-tetrahydro-naphthoic Acid, 636 
Phenyl-butadi^ue, 408 
Phenyl-butane-tncarboxylic Acid, 400 
Phenyl -butylene-glycol, 368 
Phenvl -butyric Acid, 277 
Pbenvl-butyraldchvde, 256 
Pbenvl-butyro-lactone, 608 
Phenyl-carbamic Azide, xoi 

Phenyl E'tci, 193 

Pbenyl-carbaminate, 193 
Phcnvl-carbaminic a-Phenyl-hNdrazide, x6o 

Acid, 99 

Hvdrazide, xoo 

Phcn>l Ester, 193 

Thio-methyl Ester, xox 

Phen3l-carbarinic Ethyl Ester, 160 
PbeDvl-c.xrbinol, 241 
Phenvl Carbonates, 192 
Phenyl-carboxv-aconitic Ester, 44X 
Phenvl-carbvlamine, 89, 97 
Phenvl-cbloracetic Acid, 378 
Phenyl-chloro-acetvlene, 407 
Phenyl-rhloro-fluorene, 697 
Phenyl-chloroform, 31, 297 
Phcnvl-chryso-fluorenc, ^8 
Phenvl-cinnamenvl-acrylic Aeid, 635 
Phcnyl-cinnamic Aad, 608 
— Nitrite, 621 
Phcnyl-citraconic Acid, 440 
Phenvl-cumalin, 437 
Phenvl-cumaran, 629 
Phenyl-cumann, 622 
Phenyl-cyanamide, xo6 
Phenyl-cyano-acetic Acid, 306 
Phenvl-cyano-pxTO-raccmic l-Nter, 399 
Phenvl -cyano-tnazenc, X36 
Phenvl-cyclo-hexane, 550 
Phenyl-cvclopentcnone, 17 
Phenvl -diazo-methane, 248 
Phenvl-dihaloid-acrylic Acids, 422 
Phenvl-dihydro-rcsorcin, 450 
Phen vl-diketo-hexahydro- . 1 - 1 n azin , x 38 
Phcnvl-dimethyl Carbinol, 242 
Phenvl-dimethyl-pvrimidin, 200 
Phenvl-dimethylamine, 79 
Pheoyl-diaitro-methane, 237 
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rheoyl-diole&n Mdehydea, 416 
Phenyl-diolefin-carboxvlic Acids 433 
Phenyl>diokfin Kctoiirs, 417 
Phenyl-dioxy>olriine>carboxvbr Acid^, 437 
PhenvlKlisulphidc ao^ 

Plienvl-ditbio-carbammir Mcthvl Estei , 101 
Phenvl-dithio-carbazimic Acid, x6x 

Phenvl-hydrazin, i6x 

Phenyl-dithio-carbonic Ester, aoft 
Phenybdithio-urethane, xox 
Phenyl-dithvmol-methane, 590 
Phenyl Esters, x8t 
Phenyl>etheuybaniidin, 97 
Phenyl Ether, 191 
Phenyl-ethvl-alcohol, 30, 31 
Phenyl-cthyl-amine, 246 
Phenyl-ethyl Carbonate, 192 
Phenyl-ethvl-nitrosamme, 119 
Phenyl-ethvl Sulphide, 210 
Pbenyl-ethvl-sulphone 182 

Alcohol, 182 

Phenyl-ethylene, 404 

Oxide’, 368 

Phenvl-fattv Aads, 275 

Nitriles* of, 286 

Phenvl-finorene, 697 
Phen\l-fluorone 592 
Phenvl Formate 192 
Pnrn\l-fonnic Acid, 31, 273 
Phenyl-formvl-acetic Eth^l I.bter 387 
Pheu\ 1 -fumaric Ester 193 
Phen\ l-glutaconic Acid, 441 
Phcii\l-fihitanc Aad, 397 
Phenvl-glvcenc Acid, 256 
Plienvl-Rhcenn, 367 

Aldehyde, 770 

Phen\l-glvcidic A<id, 386 

Ether. 190 

Phcnvl-glycin, p“ 

Phcn\l-{?lvcocofl, 97 
Phenvl-glvcoUic Vcid, 376 
i’hetnl-plvcols, 3^7 
Phenx l-glvoxal, 2D7, 373 
PhonvI-qhowlK A< id, 387 
Phenvl-guamdiii, 104 
Phenyl-hexad’cne, 4^ 

Pnenvl'hcxamelhili ne-carboxyhc Acid, 359 
Phen\l livdantoin, loo 
Phenjl-hydracrs lie Acid, 382 
Phenvl-hvilraxi-inethvleuc-carboxylic Acid, 388 
Pheovl.h3 drarid' , 158, 287 
Phenvl-hydrazidjM*', i(>4 
Pbenyl-hydraznlo-aK tic Acid, 158 
Phenyl-bydrazido-acuis, Hetero-nng Formation of, 
158 

Phen yl-b vdrazido-^-but \ ric Acid 1 58 
PhenvI-hydra«do-/ 3 -propiomc Ester, 158 
Phenvl-hydraxido-formic ester, ibo 
Pbenvl-bydrazin, 143 149 

CarboxvlK Acid DOTvatives of, 157 

Chlorobvdrate, 149 

Denvatives of Carbonic Acid, 159, 161 

of Inorganic Acids, 136 

Group, X48 

Mienvl-hydrann-p-*ulpbonic Acid. 179 
Phcnyl-hydrazin-pbenyl-rarbatinale, 159 
Phenyl-hydrazm-sulpbixuc Acid, 156 
Pbenyl-bydrazin-sulpbonic Acids 156,179 
Pbenyl-bydrazin-urea, x6o 
Phenyl-hydrazo-acetaldoxinie, 165 
Phenyl-hydrazo-aldoximes, 163, 163 
Pbenyl-faydrazo-formaldoxmie, X05 
Pbenyl-bydraxones, 132, 234, 322, 674 

Transformations of 155 

PheDyl-bydro-naphthalene, 684 
Pbenyl-bydro-oitnc Ester, 138 
Pbeoyl-hydroxyl-thio-urea, 103 
Phenyl-hydroxyl-urea, 100 
Phenyl -bydroxyUmine, 69, 78 
Pbenyl-tmklOK^u’boiuc Phenyl Ester, 193 
Phenyl-imido<arbonyl Cblonde, 105* 
Pheoyl-imido-fomyl-chkinde, 97 
Pbenyl-imido-oxalic DimeUivl Ester, 108 
PiMiiyl • fmfalo • phenyl - cerbaminic thm - methyl 
Eiter, 10} 

Ftiesyf'iinido-thio'carboxyhc Acid, 10s 


Phenyl-tmlno-bento-pbenone, 569 
Phenyl-ioduxaceiie, 571 
Phenyl-lodo-acetyletie, 407 
Phenyl-iodo-chlunde, 61 
Pbenyl-iso-ainyl Carbmol, 242 
Plienyl-iso-butyl, 24a 
Phenyl-iso-crotone-phenone. 633 
Phenyl-uo-crotnnic Acid, 424 
Phenyl Iso-cyaii.ite, X04 
Phenyl-iso-cvanide. 97 
Phenyl-iso-pbtb.ihc Acid, 560 
Phcnyl-lso-propvl, 242 
Phenyl-iso-oxazolommide, 393 
Pbenyl-itacoDic Acid, 440 
Phenyl-itamahc Acid, 398 
Phenyl-keto-penlainethylene-dirarboxj he Acid 
Pbeuyl-keto- tricarboxylic Ai lils, 400 
Phoinl Ketols, 371 

Phen\l-ketoiie-dicarboxylic Acids 399 
Phcn> I-lactazame, 373 
Pheuyl-lactic Acids, 379. 382 
Phenvl -magnesium iJroiiiKlp. 171 

Iodide, 171 

Phen>l-mal^c Acid, 440 
Phenyl-nialic Acids, 398 
Phenyl-raalonic Acids, 396 
Phenyl -mesaconic Acid, 440 
Phenyl Metal Derivatives, 171 
Phenyl-methane, 31 
Phenvl-methyl-acetvlene, 407 
Phenyl-methyl-alcohol. 31 
Phenvl-methvl-buladienr, 408 
Phenyl-methyl Carbmol, 242 

cyanainide, 106 

Phenyl-methyl-ethvl-propyl'Silii on. 170 
Phenyl-rnethyl-ethvlenc Oxide, 368 
Phenyl-methyl-formhydiazin, 164 
Phenvl-metbyl-glycol, 367 
Pheny!-methyl-gl\ oxime. 373 
Phcnyl-mcthvl Kitone, 266 
Phenvl-methvl-mlramine, 120 
Phenvl-methyl-nitrosamine, 119 
Phenyl-methyl-oxy-pvriinidin, 290 
Phen>l-mcthvl-pent.»diene, 408 
Phenvl-methyl-pseudo-thio-urea, 103 
j Phenvl-methyl-suJphifle, 210 
I Phenyl-metbyl-triarol, 165 
Phenyl-roethyl-tn ketone, 373 
Phenyl-metbylamine, 79 
Phenyl-methylamine t hloiohydr te, 82 
Phonyl-metbvlol, 241 
Fheoyl-monohaloid-arryhc Acids, 421 
Pbenv I-mustard Oil, 106 
Phcnvl naphtho-xanthene, 68a 
Phenvl-naphthyl-ketoncs, 677 
Phenvl*n.«phthvlamines, 660 
Phenyl-nitrammes, 120 
Pbenyl-nitro-acctic Ester, 378 
Phenyl-mtro-aceto-nitnle, 378 
Phenyl-nitro-ethylene, 405 
Pbenyl-nitro-formaldehy^azone, 291 
Phenyl-nitro-isoxazol, 413 
Phenyl-nitro-methane, 244 
Phenyl-nitro-paraflins, 244 
Pbenyl-mtrosamtnes, 118 
Phenyl-nitroso-bydrazin, z66 
Phenyl -olefin Alcohols, 4x3 

Aldehydes. 4x5 

Phenyl-olenn-carboxvlic Achls, 418 
Fhenyl-olefin-ketols, 436 
Phenyl-olefin Ketones, 416 
Pbcnyl-olefin-tncarboxvhc Acids 441 
Pbenyl-opiaxone 332 
Pbenyl-ortho-fomiic Ester, 192 
Phenyl-oxalacetic Ester, 399 
Phenyl-oxalic Ester. 193 
Phenyl-oxalkyl-amines, 369 
Pbenyl-oxamide. 107 
Pbenyl-oxaminic Diphenyl-amidine, 108 
Pbenyl-oxanthranyl Cblonde, 707 
Pbenyl-oxetbyl-amine, 369 
Phenyl-oxy-ketone-dicarl>oxylic Acids, 400 
Phenyl -oxy-blefin-dicarboxyUc Acids, 441 
Pbenyl-oxy-propionic Acids, 379 
Phenyl-p-toiuidin, 92 
Phenyl-parabanic Acid, X09 
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Phenyl* par acontc Acid, 398 
Pbeoyl-paraffin Alcohols. 339 

Alcohol Adds. 376 

PbeDyl-paraffiD-aldehyde-carboxylic Adda. 386 

Phenyl-paraffin Amines, 243 

Phenyl -paraffin-dicarboxylic Acids. 396 

Phenyl-paraffin Diketones, 374 

Pheoyl-paraffin-ketone-carboxylic Acids, 387 

Phenyl -paraffin tricarboxylic Acids. 400 

Phenyl-pentadiene, 408 

Phenyl -phosphine, 169 

Phenyl-phosphorus Compounds 168 

Pbenyl-phtbalazone, 351 

Pbenol-phthalol, 594 

Pbenyl-piperidin, 60 

Pbenyl-propargyl Aldehyde, 417 

Phenyl-propenyl-ketone, 417 

Phenyl-propiobc Acid, 431, 65a 

Ethyl Ester, 432 

Phenyl -propionic Acid, 31 
Phenyl propyl Alcohols, 242 
Phenyl -propyl -aldehyde, 256 
Phenyl -pyro-raccmic Acid, 391 
Phenyl-salicylic Acid, 330, 559 
Phenyl-semicarbazide, zoo, 

Phenyl Silicates, 192 

Phenyl -silico-cblonde, 170 

Pbenyl-silicon Compounds, i?o 

Pbenyl-stibinic Acid, 170 

Phenyl stibinous Chloride, 170 

Phenyl -succinic Acid, 396 

Phenyl-sulpbaminic Aad, 93 

Phenyl Sulphide. 209 

Phenyl sulpho-aceto-nitrile, 182 

Phenyl-sulpbo-cyanide, 105 

Pbenyl-sulpbo-bydantolns, 102 

Pbenyl-sulpho-semicarbazide. i6x 

Phenyl-suipbo-urea, loi 

Pbenyl-suipbone Acetamide 182 

Pheuyl-sulpbone-acetic Acid, 182 

Pbenyl-sulpbonic Ester, 191 

Pbenyl-sulpboxy-acetic Acid, z8x 

Pbenyl-sulpbur-ethane, zoz 

Pbenyl-sulphuric Acid. 191 

Pbenyl-tartronic Methyl Ester. 398 

Phenyl- tetronic Acid, 395 

Phenyl -tetrose, 371 

Phenyl-thio acetyl Disulphide, 280 

Phenyl- thio-biazolone sulphohydrate. i6z 

Pheuyl-thio-carbaminic a- Phenyl hydrazide. 161 

^-Phenyl hydrazide, x6i 

Hydrazidr, X03 

Phenyl- thio-carbonic Chloride, 208 
Phenyl tbio-givcolic Acid, 210 
Phenyl-thio-salicylic Acid, 333 
Pheoyl-thio-semicarbazide, 103 
Phenyl-thio-sulphonic Aceto-acetic Ester, z8z 
Pbenyl-thiuram-sulphide. 101 
Pheoyl-tin Compounds, 171 
Pbenyl-tolyl-disulpbonc, z8z 
Phenyl- tolvl-ketone. 568 
Pbenyl-tolyl-propane, bzo 
Phenyl-tnazene, 134 
Pbenyl-triazole, 158 
Phenyl-tricarballylic Acid, 400 
Phenyl-trimethyl-ammoniuin Iodide, 82 
Phenyl-trimetbyl-hydrazin. X52 
Phcnyl-tnmetb^lene-carboxylic Aud, 8 
Phenyl-trioxy-nuorone, 392 
Pbenyl-urazol, x6x 
Phenyl-urea, 99 

— ■ ' Chloride, 99 
Phenyl-urethanes, 99, Z93 
Phenyl-valerianic Acid, 277 
Phenyl-vinyl-ainine, 400 
Phenyl-vinyl-ethyl Ether, 4x3 
Pbenyl-vinyl-ketone, 417 
Pbenyl-vinyl-methyl Ether, 4x3 
Phenyl-vinyl-phenyl Ether, 4x3 
Phenyl-xanthydroU. 391 
Phenyl-xyly 1-propane, 6x0 
Phenylamine. 79 
Phenylamines, Primary, 80 

— Properties and Transformations of, 83 
Pheuylated Fatty Ketones, 2O7, 208 

— — Para-rosaniiins, 589 
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Pbenylated Rosanilins, 589 
Phenylene, 602 

Phenylene-aldehydo-carboxylic Acids, 43s 
Pbeoylene-alkylene-dtamines. 116 
Phenylene-biS'diazo-cblonde, 126 
Pbenylene-bis-diazo-imide, 138 
Phenylene Blue 239 

Brown, 143 

Pbenylene-carbyl-amine, XZ4 
Pbenylene-diacryltc Acid, 436 
Phenylene-diamido-monosurphoDic Acid, X78 
Phenylene-diammes, 114, 1x3 
Phenylene-dicarboxylic Acids, 435 
PheDylene-dicarbyl-amine. X13 
Phenylene-disazo-m-pbenylene-diamine, X45 
Phenylene-ketone-dicarboxylic Acids, 402 
Phenylene-naphthylene, 693 
Phenylene-napbthylene Oxide, 726 
Phenylene-oxy-dicarboxylic Acids. 40Z 
Phenylene-oxy-olefin-carboxylic Acids, 434 
Phenylene-oxy-olehn-dicarboxylic Acids, 442 
Phenylene-sulpbonyltde, 207 
Phenyhsuretin, 97 
Phloretic Acid, 336 
Phloretm, 221, 336 
Phlonzin, 721 
Phloro-bapbene, 343 
Pbloro-glucin, 4B. 22X 
Phloro-glucin-aldehyde. 325 
Phloro-glucin-carboxylic Acid, 341 
Phloro-glucin-dicarboxylic Ester, 483 
Phloro-glucin-phtbaleln, box 
Pbloro-glucin Trioxime, 222 
Phloro-glucitc, 222, 453 
Phloxm, 601 

Pbospb -azo-benzol Chloride, 93 
Phospb-azo-benzol-anilide, 93 
Phospbambne, 169 
Pbosphenyl Chloride, 169 

Sulpho-chloride, X69 

Pbosphine-benzoic Acids, 312 
Pbospbmo-benzene. 169 
Pbospbo-benzol 169 
Pbospboro-phenylamioes, 93 
Pboto-san tonic Acid, 725 
Pbtbal-acene, 701 
Phthal-aldchycle Cblondes, 352 
Phthal-aldehydic Acid, 331 
— Methyl Ether, 351 
Pbtbal-amic Acid, 356 
Phthal-ane. 344 
Pbthal-azin, 346 
Pbthal-azone, 331 
Pbtbalelns, 597 
Phthabc Acids, 33, 36 37. 334 

Acid Aldehydes, 346 

Anhydride, 336 

Diamide, 356 

Phthalide, 347 
Pbtbalide-acetic Acid, 40X 
Phthalide Anile 348 
Pbtbalide-carboxvlic Acid 40Z 
Phthalide C blonde, 348 
Phthalide-propionic Acid 402 
Pbthaiide-tncarboxylic Aad, 403 
Pbthahdelns. 397. 707 
Pbthahdins, 597, 707 
Phtbaliroidc, 356 
PhthalimidiD, 348 
Pbthalimlno-aceto-phenone. 372 
FbtbaLns. 397 

Pht halo-mono-super Aad, 336 
Phthalo-nitnle. 358 
Phtbalo-phenoncs. 576 
Pbthalonic Acid, 402 
Phtbalvl-acetic Acid 442 
Phtbalyl-alanin, 338 
Phthalyl Chlonde, 353 
Pbtbalyl-diacetic Acid, 403 
Pbthalyl-dimalonic Aad. 403 
Pbthalvl-glutaric Esters, 642 
Phthalyl-glycocoU, 357 
Phthalyl-hydrazin 337 
Phthalvl-hydroxylaroine, 357 
Phthalyl-hydroxvlaminic Acid, 357 
Pbthalyl-malonic Ester, 442 

3 c 
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Phthalyl Peroxide. 536 
Pbtbalyl-pbenyl bydratide. 3S7 
Pbtbalyl-pbcoyl-bydrastD 337 
Phtbalyleoe Tetracbloridet. 336 
Piaxo-selenols, xi6 
Piazo-tbioh, xt6 
Picamar, 23 z 
Piccane Ring, 13 
Picene, 693, ^4 
Picene-fluorene. 695, 697 
Picene*ketODe. 609 
Picene-perhydnde. 693 
Picramic Acid, 202 
Picnc Acid, 184, 196 
P’cro-cyaminic Acid. 197 
Picro-erythnn, 339 
Picro-toxin, 7*4 
Ficro-toxinin, 724 
Picrotin 724 

Picryl-anthranilic Acid. 306 
Picryl Bromide, 72 

Chloride, 184 

Picrvl-malonic Ester, 396 
Picylene-methane. 697 
Pimanc Acid, 548 
PtmptntUu antsum, 4x0 
Pinane, 3x3 

Group, 5x3 

Pinene, 13, 3x5, 319 

Dtbromide, 5x9 

Pinene-glycol, 516. 519 
Pinene Hydrate, 520 

Hydro-bromide, 518 

Hvdro-chloride, 518 

Hydro-iodide. 518 

Nitroso-bromide, 5x9 

Nitroso-cblonde, 5*9 

Pinic Acid, 13 
Pinite, 454 
Pino-campheol, 520 
Pino-campbone, 519, 321 
Pino-camphvlamine, 521 
Pino-carveol, 520 
Pino-carvone, 521 
Pinol-chloro-hvdnns, 52X 
Pinol dibromide, 521 
Pxnol -glycol 521 
Pino] Hydrate, 520 

Nxlroso-chlonde, 5** 

Oxide, 53X 

Pinolone, 521 
PiDonic Acid, 516 
Pinoyl-fonnic Acid, 516 
Pirnts Lambetitanm 434 
Ptnus mantsffui, 548 
Pinylamme, 3x9, 521 
Pipenc Acid, 433 
PiI>eroxiaI, 324 

Cbloride. 324 

PipcronoyJ-carboiyrUc Acid, 390 
Piperonyl Acid Dibromide, 380 
Piperonyl-acrolelo, 416 
Piperonyl-acrylic Acid, 430 
Piperonyl Alcohol, 321 
Piperonylene-acetone. 4x8 
Piperoaylene-maloiuc Acid 440 
Piperonyhc Acid, 338 
Pipitzaholc Acid, 23Z 
Pittical, 594 

Poly-benxoyl Cyanide, 388 
Poty-carboxylic Acldt 334 
Poly-gonhi. 723 
Poty-gonine, 7x7 
Poly-baloid Phenols, 194 
Poly-bydric Aromatic Alcohols, 344 
Poly-pbenyl-fatty Hydrocarbons, 349 
Poly-pbenylamines, 9X 
Poly-quinoyb, 230 
Poly-quiooyl Compounds. 231 
Po)y-sulpbooic Acids, 176 
P6ly-terpeoes. 546 
Poly-thymo-ouiDOoe, 220 
Poly-vaient Kiiig*akob<m, 452 
Polymerisatioo, 44 
PopuUn, 730 
Potassium Aoilids, 85 
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Potsssinm Cbloranilate. 230 

Diaso-benzol, 119 

Diazo-benzoltc Acid. Z19 

Potassium-benzyl Diazotate. 248 
Potassium Euthio-ebronate. 230 
— Iso-diazo-beozul, 119, xs7 

Iso-p-diazo-toluol, 127 

Myronate, 720 

Phenate, 186 

Phenyl -hydra zin X30 

Phthalimide, 357 

Potassium-salicylic Aldehyde. 322 
Prehnidin, 87 
Prehnitic Acid, 366, 403 
Prehnitol 53, 58 

Primary Potassium-iso-diaso-sulpbonate. X78 
Prismatic Scheme, 41 
Proln, 273 

Propene-p>TOcatechln, 213 
Propenyl-anisol. 4x0 
Propen yl -benzol, 406 
Propenyl-naphthalin, 658 
Propenyl- phenol, 409 
Propiolic Acid, 43 

Propionyl-iso-butyryl-phenyl-hydrazide. 137 

Propionyl-pbenol, 326 

Propyl-acetanilide, 95 

Propyl -benzoic Acids, 275 

Propyl -benzol, 30, 57 

Propyl -cyclo-bexane, 446 

Propyl-mesitvlene, 59 

Propyl-phenol, x88 

ProUa 338 

Proteaic Acid, 338 

Proto-catechuic Acid, 337 

Aldehyde, 323 

Proto-cotoln, 573 

Prulaurasin, 723 

Pseudo-cumenoT, x88 

Pseudo-curoidin, 86 

Pseudo-cumol, 55, 57 

Pseudo-cumol-5-sulphoDic Acid, 175 

Pseudo-cumyl-hydratin. 150 

Pseudo-diphenyl-thiohydantoin, X03 

Pseudo-dipbcnyl-tbiobydantoinic Acid. 103 

Pseudo-ephednn, 369 

Pseudo-iononr, 490 

Pscudo-opianic Acid, 353 

Pseudo-phenols, 317 

Pseudo-phenol Alcohol Haloids. 317 

Pscudo-phenyl-thiohvdaDtoln. X03 

Pseudo-pbcnyl-thiohydantolnic Acid X03 

Psendo-pbtbal-imidin. 348 

Pseudo-purpurin. 7*7 

Pseudo-saccbarin Chloride, 3x4 

Pterocarpus, 212 

PUrocurpus erinaceus, 343 

Ptyalio, 720 

Ptychotis ajowan^ 188 

Pulegenic Acid, 508 

Pulegon, 507 

Pulegonaroine. 504 

Pulegone. 508 

Pulvic Acid, 637 

Purpur. 217 

Purpurin, 702, 7x6 

Purpurin-amide. 7*7 

Purpurin-carboxylic Acid. 7x7 

Purpuro-xantbin, 7*3 

Pyranthrone. 7*8 

P^atoles, X55 

Pyrazolidones, 139 

Pyrazolins, X55 

Pyrene, 30, 695 

Pyrene-ketone, 693 

Pyrene-quinone. 693 

Pyrenic Acid. 693 

P^o-cateebin, 35. a** 

Pyro-catechin-carbonfc Hydrazide 2x3 

Pyro-cateebtn Chloro-pbotphlnf. 2x3 

Pyro-catecbin-dipbeoyl Etner. 213 

PyroK:atecbin-methyl Ether. 212 

Pyro-catechin-metbylene. 2x3 

Pyro-cateebio Osy-cbloro*pbosphtoe. 2x3 

Pyro-catechio'phenyl-pbtbslidc, 396 

Pyro-cateebio Sulphite, 2x3 
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Pyro*c«tecbol. 21a 

Hetero-nog Formations trom, 2x4 

Pyro-catecbol -sulphuric Acid, 2x2 
Pyro-condensation 43, 31 
Pyro-gallol. 220, 340 
Pyro-gallol -aldehyde, 323 
Pyro-gallol Carbonate. 221 
Pyro-gallol-carboxylic Acid. 341 
Pyro-gallol-phenyl pbthalide, 396 
Pyro-gallol-pbtbaleln. 601 
Pyro gallol-succmeln, 599 
Pyro-genic Synthesis 51 
Pyro- melli tic Acid, 365 
Pyro-racemic Acid, 164 

Anilide, 98 

Chloride, 97 98 

Pyro-tercbinic Acid, 518 
Pyro traubenic Acid, 43 
Pyrones, 255 
Pyrrol. 633 


QUERCtTRlN, 22Z 
Quercite 433 
Quercitrio, 723 
Qutrcus tn/eciorta, 342 

ttncforta, 723 

Quin-alizarin. 717 
Quioa-aceto pbenone, 327 
Quinhydrone. 227 
Quinic Acid, 226, 474 
Quinisatin, 395 
Quinisatioic Acid. 393 
Quinite. 226, 433 
Quinuario, 715 

Quinolene-phenylene ketone 649 
Quinols, 465 
Quinones, 115. 224. 671 
Quinone Anilin-imine 237 

Aaine 23 

Chlorimioes, 233 

Di -anile, 238 

Diazides. 236 

Dicblorimioe, X15. 235 

Di-imine, X15. 234 

Diraethyi-anilin-imioe 237 

Dimethyl-imine 115 

Dioximes 226. 233 

Quinone-dioxime-carboxylic Ester, 482 
Quinone Haloids, 229 
Imines, 233 

a uinone-methanes, 3x7 
uinooe Mono-anil, 236 

mono-chlorimine. 233 

roono-imine. 234 

mono-methyl imine 234 

Quinone-raonoxime, 299 
Quinone Oxime 226 
Quinone-oxime-bydrazone. 235 
Quinone, Phenol Addition Pioducti ot, 227 

Phenol-imine, 236 

Pbenyl-di'imincs. 237 

Quinone-pbenyl-hvdrazones. 235 
Quinone-phenyl Mono-imine 236 
Quinone Semi carbazone 235 

Tetrabromide 460 

Quinone ietracarboxylic Ester, 363 
Quinoxalins, ti6 
Quiooyl 226, 231 


Ranunculacea. 734 
Resaceto- pbenone. 326 
Resaurin, 594 
Residual Valences, 42 
Resins, 548 

Resorcin, 33. 48, 215 217 
Resorcin-benzeln 392 
Resorcin-dialdehyde. 346 
Resorcin-phtbalein 399 
Resorcyl aldehvde, 323 
Resorcyl-malelnic Lactone. 440 
Resorcyl-pbenyl-phlbalide, 596 
Resorcylic Acid, 338 
Retene, 693 

Retene-diphenic Acid, 693 


Retene Dodeca -hydride, 693 
Retene-fluorene. 697 
Retene-glycollic Acid, 693 
Retene-ketone. 693. 699 
Retene-quinone, 093 
Rbamnose, 723 
Rbamnosides, 723 
Rhamnus frangula, 717. 724 
Rhelnic Acid, 716 
Rbodamins. 6ox 
Rhodan-acetanilide. X03 
Rhodinal, 489 
Rbodinic Acid, 490 
Rbodizonic Acid. 232 
Rhus cortarta, 342 
Ring-ketols, 43S 
Ring Olefins, x 
Robiquet, 723 
Roccella, 217 

fuctformts, 339 

Rocellin, 668 
Romcr, 149 
Rosaraines, 392 
Rosamine Chloride, 393 
Rosanilio, 585 

Rosanihn-sulpbonic Acid, 587 
Rosamline, 91 
Rosbydrazio, 589 
Rosolic Acids, 590, 593, 394 
Rubeanic Hydride, 164 
Ruberytbric Acid, 714, 722 
Rubxa linctortum, 7x4. 722 
Rufigallic Acid, 342. 717 
Rufiopio, 717 
Rutol, 705, 706 
Runge. 186 


Sabatier, 443 
Sabinane, 3x1 
Sabinene, 310 

Hydrate, 3x1 

Sabinol. 3x2 
Sabinyl glycerin, 312 
Saccharin, 273- 314 
Satranins, 117 
Safrol, 368, 41 1 
Safrosine, 600 
Salicin, 720 

Salicyl-acetic Acid, 330 
Salicyl -amide, 332 
Salicyl-amine, 313 
Sahcyl-amltde, 332 
Salicyl Chloride, 330 
Salicvl-hydramide, 322 
Salicyl-bydrazonc, 322 
Salicyl-lactic Acid, 38X 
Salicyl-uric Acid, 332 
Salicylates, 329 
Salicylic Acid, 36, 328 
Salicyiic-acid Azide, 332 

Hydrazide, 332 

Pbthalide, 602 

Salicylic Aldehyde, 322 

Salicylides, 331 

Salicyhde Chloroform, 33X 

Salicylo-nitrile, 332 

Salicylo-pbosphoric Chloride, 33X 

Salicylo-salicylic Acid, 331 

Sahcylous Acid, 322 

SaligeniD, 3x3 

Salinetin, 315 

SambuDignn, 723 

Santalene. 547 

Saotalol, 547 

Santalum album, 547 

Santene, 526 

Santoic Acid, 724 

Santonic Acid, 724 

Antonin, 724 

Saponarta officinalis, 722 

Saponarin, 722 

Saponin, 722 

Sassajras officinalis, 411 

Saytzew, ^34 

Scammomu, 722 
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Schorlemmer, 586 
Scylhte, 454 

ScOTadary pbeoyl-alkylamines, 88 
Selenanthrene, 2x5 
Selenium benMoiide, 389 
Seleno-pheools, aix 
Seleno-phtbalide, 348 
Seilner, 485 
Semicarbazone, xp 
Semidin Transposition, X47 
Senderens, 443 
Sesqui-terpenes, 546 
Shikimic Aad, 474 
Shtkiraino-ki, 41 x 
Shikimol, 4XX 
Silico-bcnroic Acid, xTo 
Silico-diphenvlimide, 93 
Silico>trtraphenvlamide, 93 
Silver Benzamide. a8x 

Formambde, 95 

Smalbin. 720 

Sinapin sulphate, 720 

Sinapimc Acid, 431 

Sinignn, 720 

Slocum, 416 

Sobrerol, 520 

Sodium Acetanilide, 95 

Sodium-acetic Ester, 43 

Sodiura-acetvlene-tetracarboxvlic Ester. 653 

Sodium -beuzaidebyde Sulphoxylate, 257 

Sodium Benzamide, 281 

Eknzanihde, 282 

Sodium-benzvl Iso-azotate, 248 
Sodium Dibcnzamide, 281 

Formanilide, 94 

Iso-p-nitro-diazo-benxol, X27 

Sodium-pheu.'te, 186 

Sodium -phenol -o-carboxylic Acid, 192 

Sodium-phenvl, 172 

Carbonate, 192 

Sodium-pbenvl-hydrarin, X50 
Sodium Salic\late, 292, 329 

Salol, 330 

Soxo-iodol, 207 
Spiriea, 721 

Spircea uimarui, 322, 328 
Spiroytous Arid, 322 
Stilbene, 27, 244, 258, 610 

Alcohol I>nvativcs of, 619 

Stilbene-carbox^ he Acid, 621 
Stilbene-diamine, <ii5 
Stiibene Dibroraide, 614 
Stilbene-dirarboxv hr A' id, 623 
Slilbene-dicbloiide, O14 
Stilbene-glvroJ Diar^tate, 619 

Dibfnzo^lt .619 

Stilbene Hyiratc, 613 
Stilbene-iiieth\l-ketonc, 622 
Stilbene-propiomc Acid, 622 
Stilbeae-qumcne, 6x2 
Stilbene-succimc Acid, 623 
^torax, 24X, 4x3 
Strecker. X23, 149 
Styccnc Acid, 384 
Styracin, 420 
Styrax Benzoin, 273 
Stynl-itaconic Aad, 44 x 
St3ml««uccinic Acid, 44X 
Styrol, 30 404 

I^bromide, 369 

Dicbloride, 369 

Oxide, 368 

Styrol-pseudo-nitrositcs, 404 
Styrolene Alcohol, 367 
Styrone, 413 
Styryl'amine, 413 
Styryl-niethyl-carbinol, 4x4 
Styryl-methyl-ketone, 4x6 
Styryl-phenacyl-jiropionlc Acid, 639 

Suberaoe. 33 
Suberaoe-acetic Add, 23 
Suberaoe'aldefayde, 24 
Suberane-carboxylic Add, 24 
Suberaoe-x, x*dicarboxybc Acid, 24 
Subereoe, 23 
Sttbersoe-aldebyde, 24 


Suberone, 24 
Suberyl-aJcobol, 23 
Suberyl-glycolic Add, 25 
Suberyl-metbylamiDe, 33 
Suberylene*acetic Acid, 23 
Suedn-anile, xo8 
Sucdn>anilic Aad, xo8 
Succinic Phenyl-bydracilic Ester. 163 
Succino>rbodamio, 602 
Sucdno^ucdnic Acid, 481 

Diethyl Ester, 48 x 

Sucdnyl-dtphenyl-hydraxide, 163 
Sucdnyl-pbenyl-bydrazin, X63 
Sucdnyl-succinic Acid. 363 
Sulphamido-benxoic Acid, 3x3 
Sulphanilic Acid, X77 
Sulpbanihde, 93 
Sulphinic Acids. X79 
Sulphimdes, 3x4 
Sulpho-antbranilic Acid. 308 
Sulpho-beozide. x8a, 251 
Sulpbo-benzoic Acids. 3x3, 313 

ADbvdride. 3x3 

Anile, 314 

Sulpbo-benzol Disulphide, x8x 

Sulphide. x8i 

Sulpho-cam phone Acid, 543 
Sulpbo-camphyhc Acid, 543 
Sulpho-carbanile. 106 
Sulpho-carbamle-amide, lox 
Sulpho-carbanihde, 102 
Sulpho-earbizin, 161 
Sulpho-carl>oniinides, 314 
Sulpho-chlonde-benzoic Methyl Ester. 313 
Sulpho-cinnamic Acids, 424 
Sulpho-cvano-diaxo-benzol C hloiule. 125 
Sulpho-hydrazm-cinnamic Acid, 424 
Sulpbo-o-phthahc Acid, 359 
Sulpho phosphazo-benzoT c-hloiide, 93 
Sulpho saheyhe Acid, 333 
Sulpho-terephthalic Atid, 362 
Sulphonation, 172 
Sulphones, 180, 182 
Sulpbonic Acids, X72, 663 
Sulphoxides, 181 
Sulphurised Azo-dyes, 178 
Suprarenin, 370 
Svlvestrenc, 495 
Svlveterpine, 49^ 

Svlveterpineole, 496 
Svnnga-aldehyde. 325 
Syrtn^a vulgaris, 721 
Synngin, 721 


Taneciium rmlgarg, 510 
Tanacetvl-alcohol, 511 
Tannic Acids, 343 
Tannin, 34a 
Taunne, 177 
Teraconic Acid, 5x8 
Teracryhc Acid, 5x8 
Texebinic Acid, 517 
Terephthalir Acid, 36, 361 

Di -super-acid, 361 

Teresantanc Acid, 326 
Terpadienes, 486 
Terpane, 486 
Terpenes. 443, 484 
Terpenogens, 487 
Terpenylic Acid, 517, 518 
Terpin 499 

Hydrate, 499 

Terpinene, ^93 
Terpinene-cineol, 500 
Terpinene-nitrolamine, 493 
Terpinene Nitrosite, 493 
Terpmene-terpin, 500 
Tcrpineols 502 
Terpinolcne, 492 
Tertiary Amyl-phenol, X89 

Butyl-phenol, 189 

Phenyl-dlalkylaminet, 89 

Tetra>amiao-benxol, xi8 
Tetra-amido-diphenyl-p-axo-phenylene, 115 
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Tetra-bromo cyclo butane, 1 1 
Tetra-bromo'fluoresceln. 600 
Tetra-bromo-phenol. 195 
Tctra*bromo*ftilbeoe-quinone. 61a 
Tetra-carboxylic Acids. 402 
Tetra’Cbloro acetone. 48, 221 
Tctra-chloro-cyclopentane, 16 
Tetra-chloro'diketo R-pentene. 18, 48 
Tetra-cbloro-gallein, 601 
Tetra-cbloro'p-quinoiie, 47 
Tctra-cbloro quiuone, 47 
Tetra chloro-stilbene-quinonc. 61a 
Tctra-ethyl benzol, 59 
Tetra-etbyl phenol, 189 
Tetra-bydro-acenaphthene. 683 
Tetra-hydro-aceto-phenone, 408 
Tetra-hydro benzaldebydc 46O 
Tetra-hydro benzoic Acidb, 471 
Tetra-bydro benzols, 447, 448 
Tetra-hydro-carveol. 498 
Tetra-hydro-carvone. 506 
Tetra bydro-carvylamtne. 504 
Tetra-bydro corniculanc Acid, 635 
Tetra-bydro dicarboxylic Acids. 478 
Tetra-hydro-diphenyl, 550 
Tetra-bydro eucarveol. 514 
Tetra-bydro eucarvone, 514 
Tetra-bydro fenchene, 52b 
Tetra-bydro-naphthalenc, 685 
Derivatives. 685 

Tetra-bydro naphthalene-dicarboxylic Acid. 68; 
Tetra-bydro-naphthoic Acids. 687 
Tetra hydro naphthyl phenol, 686 
Tetra-hydro-naphthylamine*;. 685 
Tetra -hydro-napbtbylene, 684 

Glycol, 686 

Oxide. 686 

Tetra-bydro-phenol, 454 
Tetra-hydro-phenyl Fattv Acids, 472 
Tetra-hydroquinone. 460 
Tctra-hydro-terephthalic Acids, 479 
Tetra-hydro-toluic Acids, 471 
Tetra-bydro- toluols, 448 
Tetra-methoxy-diphthalyl, 621 
Tctramethyl-apionol, 223 
Tetra-methyl benztdiu, 554 
Tetra-methvl-benzoic Acids, 273 
Tetra-methvl-benrol, 55 
Tetra-methyl Derivative, 564 
Tetra-methvl-diamido-benzile. 619 
Tetra-methyl-diamido-azoxv-bcnzol, 140 
Tetra-melhyl-diamido phenyl-oxanthrone. 709 
Tetra-methyl-diamido-tclrapbenvl elhvlene br; 
Tetra- methyl-2, 4-dikcto tetramethylene. 12 
Tetra methyl Dioxime, 12 
Tetra-methyl m-pbenvlene-diamine 114 
Tetra methyl-mm,-diamido-azo benzol. 145 
Tetra-mcthyl-p-diamido-benzo pheuoiie 90 
Tetra-methvl-phenols. 189 
Tetra metbvl Violet, 588 
Tetra-methylene, i, 3 
Tetra methvlciie carbinol, 11 
Tetra methvlene carboxylic Acid. 12 
Tctra-methvlene cyclo butane jo 
Tetra-metbvlene-i, i-ditarboxvlic Acid 12 
Tetra-methylene- 1, 2 dicarboxylic Af id 12 
Tetra-melhylene-i. 3 dicarboxylic Amu 12 
Tetra-methylene-diethyl-glycol. 1 1 
Tetra methylene-i, 3-dlglyox^ lie Acid 13 
Tetra-methylene dimetbyl-carbinol, xx 
Tetra methylene Group, xo 
Tetra-methylene-methyl-carbinol, x x 
Tetra methylene methylamine, ix 
Tetra- methylene-methyl- ketone, xi 
Tetra-methylene- 1, 2-tctracaibox\lic Acid, 12 
Tetra-nitro-anisol, X97 
Tetra-nitro-benzol, 7x 
Tetra-nitro-dipbenyl-acetic Acid, 606 
Tetra-nitro-naphthalenes. 659 
Tetra-nitro-pbenol, 197 
Tetra-nitroso-benzol, 77 
Tetra-oxy-benzo phenone, 573 
Tetra-oxy-biphenyls. 557 
Te tra -ox y -cinnamic Acids, 431 
Telra-oxy-napbtbalene, 671 
Tetra-oxy-quinone. 330 


Tetra-p-tolyl-bydrazin. 150 
Tetra-p-tolyl-oxamide, xo8 
Tetra-pbenyl-allene. 627 
Tetra-phenyl-benzol, 362 
Tetra-pbenyl-butadiene, 633 
Tetra-pheoyl-croto-lactone, 634 
Tctra-phenyl-cyclopentadiene, 16 
Tetra-phenyl-dietbylene-diamine, 6x3 
Tetra-phenyl-dimethyleoe-quiDone, tea 
Tetra-phenyl-etbane, 624 
Tetra-phenyl-etbane-dicarboxylic Acid, 627 
Tetra-phenyl-etbylene, 624 
letra-phenyl-ethylene Dicbloride, 624 
Tetra-phenyl-cthylene-glycoJ, 623 
letra-pbenyl-guanidin, 104 
letra-phenyl-hexatriene, 640 
Fetra-phenyl-hydrazin, 150 
Tctra-phenyl-methane. 27, tea 
Tetra-phenyl-octazonc, 168 
letra-phenyl-pentametbylene. 14 
Tetra-phenyl-pbenylene-diaroines, 1 14 
Tetra-phcnyl-piperazin, 613 
Tctra-phenyl-propm'^l, 630 
Teira-pbenyl-silicon, 17X 
Tetra phenyl-succinic Acid. 627 
Tetra-phenyl-tetramethylene-glyccl, 633 
Tetra-pbenyl tetrazone. 167 
Tetra-pbenyl-thio-urea, xo2 
Tetra-p»henyl-urea, 100 
Tetra-sahcylide, 331 
Tctra-thio-ethyl-quinonc. 231 
Tetra tolyl-tetrazone. X67 
Tetramido-anisul, 203 
Tetramines, 118 
Tetrazanes, 167 
Tetrazenes, X67 
Tetrazones, 139. 167 
Tetroxy-terepbthalic Ester. 483 
Ihebain, 689 
Thianthrene, 2x4 

Dioxide, 2X4 

Monosulphoue. 214 

Thiu-acetanilidc, 96 

Thio-Acids. 280 

Ibiu-aldn aniline, 91 

Thio aniluies 96 

Thio anilino, 2JO 

Tbio anisol, 2xx 

Thio benzalJch V Je, 237 

Thio benzamide 288 

Thio benzanilide, 289 

Fhio benzo-hvdrotainic Acid 294 

Tbio benzo phenone. 5 08 

1 hio benzoic Acid, 280 

Thi<» borneol 528 

Thio carbaminic o Pbenyl-bydrazide. 161 

Thio-carb.uiilic Ethyl Ester, lox 

Thio carvacrol. 189 208 

Thio cresol 208 

Tbio cumarin. 428 

Thio cumazone. 251 

Thio cumo-thiazone, 231 

Thio derivatives ot Phenol 208 

Thio-diglycol anilic Acid 98 

Thio-diphenvl amine. 92 204. 2 xx, 214 

Thio dipbenvl-imides 211 

Thio formanilide 96 97 

Thio-i«;atm, 390 

Thio naphtbene-quinonc 390 

Thio-naphthols 671 

Thio oxanilic Acid. 108 

Thio amide. 108 

Thio oxanilide. 108 
Thio phene 633 
Tbio pbeno quinooe. 227 
Thio phenol. 208 
Thio- phenol sulpbonic Acid 178 
Thio phenyl acetal 208 
Thio-pbenyl acetone. 208 
Thio-phthalic Anhydride, 356 
Thio-pbthalide. 348 
Thio-pbthaltmidin, 348 
Thio-resorcin, 2x6 
Thio-sahcvlic And. 213. 332 
Thio-salicylic -phenyl Ester, 333 
Tbio-urea Derivatives, 116 
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Tbionin Dyet* 91 
Thiooyl'aoiline. 93, 156 
Thionyl-beoudio, 334 
Thiooyt- bento], 181 
Thionyl-pbenyl'bydrazooi;, 156 
Tbionyl-o-bromanihoe, 93 
TbionylKxbloraniline, 93 
Tbioiiyl-o«nitraniline, 93 
Thionyl-o-toluidin, 93 
Tbuja-mentbol, 3x3 
Tbu^a-menthone, 313 
Tbujaoe, 3x1 
Thujene, 3xx 
Thujone, 310, 3x2 
Thujone-oxime, 3x0 
Thujyl-alcohol, 5x1 
Thujylamine, 313 
Thymo-duidehvde. 346 
Tbyoio-quinone, 22b 
Tbymoll 228 
Tbymol, 188, 505 
Tbvmotic Acids, 333 
Thvmotin Alcohol, 316 
Thymus i-ul farts, i$S 
Tin-dipbenyl Chloride, 271 
Tm-tetrapbeayl, ryx 
Tolane, 27. 613 

Dichlonde, 6x9 

Tetrachloride, 6x8 

Tolidins, 147, 554 
Toblic Acid, 607 
Tolu Balsam, 36 
Tolu-bydroquiDOoe, 219 
Tolu-quinol, 320 
Tolu-quinone, 228 

Dioxime. 233 

Tolueoe-azo-naphthaleoe, 662 
Toluic Acids, 274 
—— Aldehvdes, 236 

Formaldehyde, 374 

Toloidm, 83 

CbJorobydrate 8a 

Toluol, 30, 34, 53, 36 
Toluol -disulpbonic Acids, X76 
Toluol, Higher Homologjcs of, 39 
Toluol-sulphamtde, X73 
Toluol-sulphioic Acid, i8r 
Toluol-sulpbo-chlonde, X75 
Toluol-sulphonic Acids, 175 
Toluvl Chlorides, 279 
Toluyleoe, 6x0 
Blue, 239 

Toluyleoe'dumido'sulphonic Acids. X78 

Toluyleoe>diamiaes. X13 

Toluylene-glvcol, 614 

Toluvlic Acids, 3X, 33, 36 

Tolyl-acetic Acid:i, 276 

Tolyl'aceto-niiriles, 386 

Tolvl-alcoboi, 30 

Tolvl-'iUcbyde, 30 

Toiyl>ato-beozoic Acid, 31a 

Tolyl'glyozylic Acid, 390 

Toiyl-bydratiD, X30 

Tolyl'hydrozylamioe, 78 

Tolyl Isocyanate, 103 

Tolyl isocyanide, 97 

Tolvl-melhyltnatcoe, 136 

Totyl nitro metbaoe 243 

Tolyt-pbcnylbydrazin 146 

Tolyl -phospborO'Chloride 169 

Tolvl semicarbatide, x6o 

Tolyl'Sulpbaroioic. 93 

Tolyl'tnaoilido phospbcnium Chloride 169 

Tnaceto pbloro giucin, 347 

Tnacetyl bentol, 347 

Tnacetyl gallic Acid, 34 1 

Triacid Mentbane Alcohols, 500 

Trialkyl'bentamidiD 390 

Triamido-azO' benzol. 143 

Trumido bentoic Acid, 310 

TnamidO'benzoI, 79 

Triamido^iazo-bentol, 114 

TrUmUSo-mesityleoe, 118 

Triamido phenol, 20a 

Triamido-toluol, xi8 

TrUiiiida*tnpbeoyl-acetic NtUile, 609 


Trtamido tripbenyi carbinoU, 384 
Triaminet xi8 

Tnamino tripheoyl-methanei, 379 
Tnanuyl-carbinol, 393 
Tnanisyl-metbane, 390 
Trianthraquinone-di imidei, 712 
Tnantbrimides. 7x2 
Tribenzal diamine, 237 
Tribenzamide, 28x 
Tnbenzo-nitnle Oxide, 295 
Tribenzoyl-bydroxylaroine, 294 
Tribeiizoyl-metbane, 630 
Tribenzyl-amme, 246 
Tribenzyl-carbinol, 628 
Tribenzyl-sulphiiiic Chloride, 244 
Tnbenzyl-sulphinic Iodide, 244 
Tribiphenyl-metbyl, 627 
Tnbroraamline. xxo 
Tnbromo-aceto-bentoic Acid. 402 
Tnbromo-benzol-diazo-cyanide, 128 
Tnbromo-cyclo-butane. 10 
Tribromo-Buorene, 606 
Tribromo-bemimellithol, 66 
Tribromo-mesitylene, 66 
Tnbromo-pbeDyl nitramine. xtx 
Tnbromo-pseudocumol, 66 
Tnbrorao-reso-qumone, 538 
Tricarboxylic Acids, 364. 402 
Tncblorethylideoedipbenyl-diaaiioe, 90 
Tricbloraniline, xio 
Tricblor -ethylene, 47 
Trichloro-aceto benzoic Acid, 402 
Tncbloro-acetyl-pentachloro-butyric Acid, 48 
Trichloro-cyclopentanc, 15 
Tnchloro-cyclo-pentene dioxy -carboxylic Acid, tx 
Tricbloro-naphthalenes. 659 
Tncbloro-phenaothrene, 689 
Tnchloro-pbeno- malic Acid, 46 
Tricbloro-pbenyl-nitramine, lax 
Tricbloro-pbospbantle. 93 
Tnchloro-quinone Chlorimine, 235 
Tncyclcne, 323 

Tncyclene-carboxylic Acid, 522 
Tncyclo-tnmetbyiene Benzol, 693 
Tnethyl -benzol, 39 
Tnetbyl-pbcnyl Silicide, 170 
Tnbydrazin, 589 
Tn-iodaniline, xxo 
Tn-iodo-2-cbloro-benzol, 61 
Tnketo-bydrindene, 649 

Triketo-pentametbylene-s. 3-dicdrboiyUc Ester, za 
Trimellitic Acid, 363 
Tnmesic Acid 364 
Tnroesmic Acid, 37 
Trimetboxy benzaldehydr 323 
Tnroethyl-beozoic Acids, 273 
Trimetbyl-benzols, 35, 37 
Trimethyl-brasilin, 726 
Trimetbyl-brasilooe, 726 
TnmetbvI-cyclo-hexane, 446 
Tnmelbyl-cyclopentanone, 17 
Trimetbyl-dehvdro-brasilone, 726 
Tnmerhyl-dihvdro-resorcin 4^5 
TriiDetbvl-elbyl benzol 30 
Trimcibyl-bomogallic Acid 342 
Trimethyl • keto - pentamethylene • dicarbozyiic 
Ester, 21 

Triroetbyl-oxy-tetrabydro oaphtbyleoe ammonium 
Hydroxide, 686 
Tnmetby] pbenyl alleoe, 408 
Triroelbyl-quinol, 320 
Trimethyl trirnethylene, 7 
Trimetbyl tripbenvi para -rota nilin. 389 
Tnmethvlene, i. 7 
Trirnethylene aldehyde. 8 
Trirnethylene Benzamidin 290 

Bromide 7 

Trirnethylene carbanillde, xoo 
Tnmethvlene carbinol 7 
Trimetbylene-carboxylic Acids, 8 
Trirnethylene i, x dicarboxyiic Acid. 6 
Trimethvlene-1, 2 -dicarboxyiic Acid, 9 
Trimethyleoe-dielhvl carbmol 8 
Trimethylene-diroetbyl-carbinol, 8 
Trirnethylene diphenyl diamuie, 90 
Trirnethylene etnyl-carbiool. 8 
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Trlmctbylene Group 7 
TiiiDethyiene-isopropyl carbiDol, 8 
Trlroethylene-metbyl-etbyl-carbinol, 8 
Trimetbylene*metbylamine, 7 
Trimetbylene-phenyl-urea, zoo 
Trimetbylene-pbenyliminc. 90 
Trimetbyleae-z, 2-tetracarboxyltc Add. 9 
Tnmetbylene-z, a. 3-tctracarbo*ylic Acid, 9 
Trimetbylene-i, 2 -tricarboxylic Acid. 9 
Tnmethylene-x. 2 ^-tricarboxylic Acid. 9 
Trimetbylene-tricyano-tncarboxybc-acid Ester, zo 
Tnmolecular Diphenyl -silicon, zyz 
Tnoapbthyl'Carbinol, 682 
Tnnapbtbyiene-beoxol, 683 
Tnni tramline, tix 
T rinitro azo benzols. 142 
Trinitro-azoxy-benzols. 140 
Trinitro benzaldehyde, 262 
Tnnitro benzoic Acid, 299 
Trinitro benzols. 70 
Trinitro cbloro benzol. 72 
Trinitro chloro-bcnzol-pirryl chloride. 72 
Trinitro 5 cbloro-toluol, 74 
Tiinitro-dipbenyl-sulphone, 183 
Trinitro ethyl-benzol. 73 
Trimtro-hydranthranol, 705 
Trinitro m-xylol 73 
Trinitro-mesitylenc. 71 
Trimtro-napbthalenes 639 
Trinitro-nitroso-benzol, 76 
Trinitro-p-xylol, 73 
Trinitro-phenols, 196 
Trinitro-phenyl-carbinol. 582 
Trinitro-phenyl-hydroxylnmine, 78 
Trinitro-pbenyl-malonic Ester. 396 
Trinitro-phenvl-methane. 577 
Trinitro-phenyl-nitramine. 121 
Trinitro-phenyl-phenyl-amine, Z12 
Tnnitroso-phloroRlucin, 222 
Trinitro-pseudocumol, 73 
Tnnitro-toluol. 72 
Tnnitro-v-tnmethyl-benzol, 73 
Trinitro-xyhdine, iix 
Trinitro-xylyl-phenyl-amine, 112 
Trioxv-alcohol Acids. 386 
Tnoxy-anthraquinoncs, 7*6. 71 7 
Tnoxy-anthraquinone-carboxylic Aad, 717 

Trioxy-aurio, 594 
Trioxy-benzoic Acids, 340 
Tnoxy-benzol . 30 
Tnoxy-cinnamic Acids. 431 
Trioxy-dicarboxylic Acids, 363 
Trioxy-hexahydro-cymol, 500 
Trioxy-methyl-anthraquinone, 717 
Trioxy-naphthalenes, 671 
Trioxy-phenanthrene, 690 
Trioxy-trinaphthyl-methane, 682 
Triphenyl-acetaldebvde. 608 
Tripbenyl-accUc Acid, 608 
Triphenyl-acryhc Ester, 624 
Triphenyl-acyl-methyl-amine, 373 
Triphenyl-arsin. Z70 
Triphenyl-benzols, 562 
Tn phenyl -biuret, 100 
Triphenvl-broroo-ethanone, 624 
Tnphenyl-bromo-methane, 380 
Tnphenyl-butadiene, 633 
Tnphenyl-carbinol, 580 

Chloride. 580 

Triphenyl-chloro-carbamidin, 100 
Tn phenyl -chloro-meth a ne. 580 
Triphenvl-croto-lactone, 634 
Triphenyl Cyanurate, X05 
Triphenyl-cyanuro-triamide, 107 
Triphenyl-cvclopentadiene, 16 
TriphenvI-dimethvl-pentamethylene, Z 4 
Triphenyl-ethane. 623 
Triphenvl -ethanol, 624 
TnphenvJ-ethanone, 623 
Tnphenyl-ethyl Silicide, Z70 
Tnpheny 1 -ethylene, 623 
Tnphenyl-ethylene-glycol, 623 
Triphenyl-glutaric Acid, 632 
Tripbcnyl-guanidin, Z04 
Triphenvl-hvdrantbracene, 709 
Triphenyl-hydranthranol, 709 


Trlphenyl-bydrazin. 130 
Tripbenyl-indene. 645 
Triphenyl-iodo-methane. 580 
Triphenyl Isocyanurate. 103 
Tnpbeoyl-isomelamine, zo7 
Triphenyl-melamine, X07 
Triphcnyl-methane, 27. 577 
Triphenyl-metbane-azo-benzol, 381 
Triphenyl -raethane-carboxylic Acids. 591 
Triphenyl-metbane Group, 576 
! Tnphenyl-mctbane-hydrazo-bcnzol, 581 
Tnphenyl-metbyl, 24 
Tnphenyl-methyl-amine, 581 
Triphenvl-methyl-aniline, 581 
Triphenyl-metbyl-ethane, 624 
TnphenyJ-mcthyl-bydrazin, 38Z 
Tnphenyl-mctbyl-silicicle. 170 
Triphenyl-mtro-methane. 626 
Tnphenyl-nitroso-methane. 626 
Tnphenyl-oxy-ethanone. 624 
Triphenyl-para-rosanihn, 539 
Triphenyl-pbosphine, Z69 

Oxide. 169 

Tnphenyl-propio-phenone, 629 
Tnphenyl-propionic Acid. 624 
Triphenyl-pseudo-thio-urea, 103 
Tiiphenyl-rosaniline, 92 
Tnphenyl-rosdnihn Hydrochloride, 389 
Triphenyl -semi-carbazide, 160 
Triphenyl-silicane, 171 
Triphenyl-silico-chlonde, 170 
Triphenvl-stibm, 170 
Sulphide, 170 

Tnphenyl-tetrazolium Hydroxide, 292 
Tnphenyl-thio-urea, 102 
Tnphenylamine, 79, 92 
Tnphenylene, 695 
Tnquinoyl, 231, 460 
Triresorcin, 213 
Trithio-vanillin, 324 
Tntoluol-sulphonamide, i 75 
I Tntolyl-amine, 92 
T*%x%& pipttzahuac, 231 
Tropic Acid, 380 
Tropilidene, 23 

Tropilidene-carboxxlic Ands, 24 
Trop^rolum majus, 286, 720 
TnixiUic Acid, 421 
Tuberosa. 302 
Turpentine. 515 
Tyrosin, 38X 


I Umbkllic Acid, 430 
' Umbelliferono, 430 
I Umbellulone. 513 
Urea Chlorides, 99 
Uretbano-phenvl-aceto-nitnle, 379 
Usnea, 727 
Usmc Acid, 217. 727 
Uvitmic Acid, 57, 360 


Valences, Residual. 42 
Valero-hydroquinone, 327 
Vanillic Acid, 337 
Vanillin, 324 
Vanillm-oxime. 324 
Vanillyl Alcohol, 32Z 
Veratnc Acid, 338 
Veratroyl-carboxyhc Acid, 390 
Vesuvine, 145 
Vinaconic Acid, 8 
Vinyl-benzoic Acid, 4x8 
Vmyl-benzol, 30. 404 
Vinyl-naphthalin, 638 
Vinyl-phenol, 409 
Vinyl-phenyl-acetic Acid, 4x8 
Vinyl-pyro^atechin, 410 
Vinyl-trimcthylene, 7 
Violantbrenes, 7x9 
Virianm, 7*3 
VindiHora, 727 
Vulpic Acid, 637 
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Wacnbr, 48s. 316, 313 
Wallach. 483 
Wanklvn, 586 
Water Blue. 389 
Werner. 239 
Wintber. 6 &g 
WtJhler, *53 
Woskresensky. aa6. 231 
Wurster’s Red 234 


XaNTHOCKK -ANILIDE. tOX 

Xantbone. 330. 595 
Xvlenols, 187 
Xylidic Acid, 361 
Xvlidins, 86 
Xylo-quinone, 3 28 
Xvlol, 30. 34, 35. 56 
Xylol-ciisulpbonic Acids. 176 
Xvlol Hexachlonde. 447 
Xylol-a-sulpbooic Acid, 273 


Xy 1 ol- 3 -tu 1 phoolc Acid. i 7 S 
Xylol-A’aulphonic Acid. 175 
XylorcJn, 217 
Xylvl-acetic Acid. 276 
\ylyl-bydraxin, 150 
Xylyl -hydroxy la mine. 78 
Xytylene Alcohols, 344 
Xylylene>dtaroiDe. 113 344 
Xylylene Oxide. 344 

Sulphide. 344 

Sulpbo- hydrates. 344 

Tetrabromide, 346 

X vlylenimine. 344 
X ylylol Tetrachlorides. 348 


Vbxxow Corallin. 393 ' 


ZlNCICK, 48 
Zingibereoe 347 
Zulkowaky, 388 
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